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PREFACE 


m  in  writing  this  book  has  been  to  give  data,  details  and  tables  for  the  design  and 
n  of  steel  bridges  and  buildings.  The  book  Is  written  /or  the  structural  engineer  and 
lor  the  student  or  ei^ineer  who  has  had  a  thorough  course  in  applied  mechanics  and  the  calcu- 
lation of  stresses  in  structures.  To  this  end  data  and  tables  that  will  be  of  service  to  the  designing 
and  constructing  engineer  have  been  given,  rather  than  predigested  data  and  designs  that  might 
be  used  by  the  untrained.  The  book  is  intended  as  a  working  manual  for  the  engineer,  draftsman 
and  student  and  covers  data,  details  and  tables  for  the  design  of  the  structures  ordinarily  met 
with.  Swing  and  movable  bridges,  cantilever  and  suspension  bridges  require  special  treatment 
and  have  not  been  considered.  As  the  book  is  intended  to  supplement  the  present  books  on 
stiesses  the  calculation  of  stresses  in  bridges  and  buildings  has  been  only  briefly  considered. 
The  calculation  of  stresses  in  retaining  walls,  bins,  stand-pipes,  and  other  structures  not  ordinarily 
covered  in  text-books  on  stresses  have  been  given  in  compact  form.  Great  care  has  been  used 
la  give  cKamples  of  structuies  that  represent  standard  practice.  With  a  few  exceptions  the  draw- 
ings of  details  of  structures  have  been  especially  prepared  foe  this  book  from  actual  working  plans. 
The  book  is  a  source  book  and  is  not  a  treatise,  and  is  intended  to  furnish  data  and  details  that 
are  available  only  to  a  few  engineers;  and  standard  specifications  for  materialaand  workmanship 
that  are  available  only  in  transactions  of  societies  and  in  special  treatises. 

The  tables  giving  properties  of  columns,  top  chords,  plate  girders  and  struts  have  been  cal- 
culated especially  for  this  book,  and  are  original  in  material  and  arrangement.  In  calculating 
the  taUes  only  those  sections  which  comply  with  standard  specifications  have  been  given.  The 
tables  have  been  calculated  by  the  use  of  calculating  machines  and  have  been  checked  with  great 
care.  The  values  will  be  found  to  be  correct  to  one  unit  in  the  last  place  given.  Properties  of 
Carnegie  and  Bethlehem  sections  are  given  in  a  compact  form  for  easy  reference.  The  tangents 
of  the  angle  of  the  axis  giving  the  least  radius  of  gyration,  given  in  the  tables  giving  properties 
of  Carnegie  angles,  were  taken  from  Cambria  Steel.  With  the  exception  of  a  few  special  I  beams 
aad  channels  the  tables  may  be  used  for  Cambria,  Pencoyd  and  Jones  &  Laughlin  angles,  I  beams 
and  channels-  The  American  Bridge  Company  standards  for  eye-bars,  loop-bars,  clevises,  pins, 
and  other  structural  details  are  given.  Tables  of  logarithms,  function  of  angles  and  tables  that 
are  easily  available  have  not  been  included. 

The  size  of  the  book  and  the  size  of  the  type  page  were  selected  for  the  reasons  that  they  give 
a  book  of  Mandaid  size  with  a  type  page  large  enough  so  that  each  table  can  come  squarely  on  one 
page,  and  lai^  enough  so  that  complete  plans  of  structures  can  be  given,  A  large  clear  type  was 
wlecied  for  both  the  text  and  for  the  tables.  The  paper  has  been  selected  with  the  idea  of  clear- 
nrss  of  the  printed  page. 

This  book  ia  a  result  of  many  years'  work,  during  which  time  the  author  has  written  four 
books  on  structural  ei^ineering.  In  writing  this  book  the  author  has  drawn  on  his  other  books, 
altbough  much  of  the  material  given  on  steel  mil!  buildings  and  highway  bridges  is  new,  and  the 
Structural  Ei^^neers'  Handbook  supplements  the  author's  other  books. 

Data  and  details  have  been  obtained  from  many  sources,  to  which  credit  has  been  given  in 
the  body  <rf  the  book.  The  author  is  under  special  obligation  to  many  engineers,  to  which  special 
ackoowledgment  cannot  be  made  on  account  of  lack  of  space. 
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vi  PREFACE 

la  writing  this  book  the  author  baa  been  assisted  by  several  of  his  former  studenta.  Credit 
is  due  to  Mr.  I.  C.  Crawford,  Instructor  in  Civil  Engineerins,  for  assistance  in  calculating  tables 
and  reading  proof;  to  Mr.  C.  S.  Speiry,  Instructor  in  Engioeeiing  Mathematics,  for  asuatance  in 
calculating  tables;  to  Professor  H.  C.  Ford,  oi  Iowa  State  College,  and  Mr.  T.  A.  Blair,  Instructor 
in  Civil  Engineering,  tor  assistance  in  preparing  the  drawings;  and  especially  to  Mr,  W.  C.  Hunt- 
ington, Assistant  Professor  of  Civil  Engineering,  for  assistance  in  airanging  and  calculating  tables, 
readily  proof  and  assistance  in  other  ways. 

The  author  will  appreciate  notices  ai  emora  and  suggestions  for  the  improvement  of  future 
editions. 

M.  S.  K. 

BouLDBK,  Colorado. 
August  33,  1 914. 
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STRUCTURAL  ENGINEERS'  HANDBOOK 


—The  book  is  divided  into  two  parts  which  are  self  contained.  Part  I  includes 
a  discussion  o!  the  deugn  of  structures  and  gives  data  and  details  for  the  design  of  steel  bridges 
and  buildings.  Part  II  contains  tables  for  structural  design  and  includes  tables  giving  the  proper- 
ties of  rolkd  sections,  properties  of  built-up  sections  for  chords,  columns,  struts,  plate  girders, 
etc.,  and  data  for  standard  structural  details. 


Data  and  Details  for  the  Design  and  Construction  of  Steel  Bridges 
AND  Buildings. 

Introduction. — The  discussion  in  Part  I  has  been  limited  to  steel  bridges  and  buildings  and 
olber  simple  steel  structures;  no  reference  being  made  to  swing  and  movable  bridges,  cantilever 
and  suspension  bridges.  The  design  of  a  bridge  includes  the  design  of  the  substructure  as  well  as 
ihc  superstructuic,  so  that  the  design  of  retaining  walls  and  bridge  abutments  has  been  briefly 
discussed-  Timber  trestles  and  bridges  are  required  for  temporary  structures  and  for  the  erection 
of  steel  structures,  and  a  brief  discussion  of  timber  trestles  and  bridges  is  therefore  properly 
included. 

The  design  of  a  structure  requires  not  only  a  knowledge  of  the  properties  of  materials  and  the 
ability  to  calculate  the  stresses,  but  also  a  knowledge  of  local  conditions  and  requirements,  of 
ecooomic  design,  of  details  of  construction,  of  methods  of  erection,  methods  of  fabrication  and 
their  effect  on  cost,  and  of  many  other  matters  which  limit  the  design.  The  most  economical 
stniclure  for  any  given  conditions  is  the  one  which  will  give  the  greatest  service  for  the  least 
money,  quality  of  service  and  the  life  of  the  structure  being  given  proper  considecation.  Financial 
limitations  often  limit  the  design  and  the  problem  then  is  to  design  a  structure  that  will  give 
satisfactory  service  with  the  money  available. 

To  design  a  satisfactory  structure  when  limited  by  financial  considerations  is  a  problem  that 
requires  the  exercise  of  the  highest  possible  skill  on  the  part  of  the  engineer.  He  must  be  able  to 
telect  an  economical  type  of  structure;  he  must  make  an  accurate  estimate  of  the  loads  to  be  carried 
by  the  structure;  he  musi  be  able  to  calculate  the  stresses  with  accuracy;  he  must  make  the  de- 
tailed design  with  due  reference  to  ease  of  obtaining  the  material,  the  cost  of  shop  work,  and  the 
cost  of  erection. 

The  shop  cost  of  steel  structures  varies  with  the  type  of  structure,  the  size  and  weight  of  the 
members  and  upon  the  make-up  of  the  members  and  the  details.  By  using  fewer  and  larger  mem- 
bers, by  using  rolled  beams  and  columns  in  the  place  of  built-up  plate  girders  and  columns,  and  by 
uiimg  tie  plates  in  the  place  of  lacing,  the  shop  cost  per  pound  of  a  railroad  bridge  may  be  materially 
reduced.  If  the  simplification  of  the  design  is  carried  too  far  the  reduction  in  shop  cost  will  result 
in  a  material  increase  in  the  weight  of  the  bridge,  and  in  an  increase  in  the  cost  of  the  bridge, 
with  a  decrease  in  efficiency.  The  details  of  the  design  of  a  structure  should  be  worked  out  with 
reference  to  ease  and  economy  of  erection  as  well  as  ease  and  low  cost  of  fabrication.  While  the 
stjndardizii^  of  connections  so  that  multiple  punches  may  be  used  may  result  in  a  considerable 
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saving  in  ihop  cost,  it  oft«n  result*  in  a  material  increase  in  tbe  imght  of  the  details  of  the  struc- 
ture, and  in  the  number  of  field  rivets,  so  thac  the  efficiency  of  the  structure  is  not  increased, 
and  the  final  cost  of  the  structure  ia  not  reduced.  The  author  has  in  mind  a  case  where  to  change 
the  details  of  a  plate  girder  so  that  multiple  punches  might  be  used  required  the  addition  of  details 
equal  to  5  per  cent  of  the  weight  of  the  span  and  the  addition  of  35  per  cent  to  the  number  of  field 
rivets,  with  no  increase  in  eificiency. 

The  best  results  are  obtained  when  the  structural  engineer  prepares  cai«fully  worked  ouC 
detail  drawings  (not  shop  drawings)  in  which  the  efficiency  of  the  structure,  ease  of  fabrication 
and  ease  of  erection  are  given  due  consideration.  Tbe  shop  drawings  may  then  be  prepared  bjr 
the  bridge  company  to  take  the  greatest  possible  advantage  of  improved  shop  methods  without 
decreasing  the  efficiency  of  the  structure,  or  increasing  the  total  weight,  or  increasing  the  cost  of 
erection. 

Part  I  is  divided  into  seventeen  chapters,  of  which  the  first  eleven  chapters  cover  different 
types  of  structures,  and  the  last  six  chapters  cover  subjects  which  apply  to  all  types  of  steel  con- 
struction. While  the  aim  has  been  to  present  the  largest  possible  amount  of  information  in  tbe 
limited  space,  each  subject  presented  is  discussed  briefly  in  a  logical  order. 

While  the  author  has  drawn  on  his  other  books  in  the  various  chapters,  the  reader  will  find 
much  new  material  on  the  subjects  covered  in  the  other  books,  especially  in  Chapter  I,  Steel  Roof 
Trusses  and  Mill  Buildings,  and  Chapter  III,  Steel  Highway  Bridges,  so  that  this  book  supple- 
ments the  author's  other  books  on  structures.  Elach  chapter  is  self-contained,  the  illustrations 
and  tables  being  numbered  independently  of  the  other  chapters.  As  far  as  possible  the  different 
subjects  are  discussed  fully  in  each  chapter,  thus  reducing  cross-references.  The  most  of  the 
cross-referencii^  is  made  through  the  indoc,  which  t<^ether  with  the  table  of  contents  will  be 
found  invaluable  to  the  reader. 
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Steel  Roof  Trusses  and  Mill  Buildings. 

Definitions. — The  following  definitions  will  assist  the  reader  in  a  study  of  roof  tnieaes  and 
steel  frame  bviildii^s. 

Tniu. — A  truss  is  a  framed  stnicCure  in  whicb  tfae  members  sre  so  arranged  and  fastened 
at  ibeir  ends  that  external  loads  applied  at  the  joints  of  the  truss  will  cause  only  direct  stresses 
in  ibe  membera.  In  its  simplest  form  a  truss  is  a  triangle  or  a  combination  of  triangles.  In  this 
chapter  it  will  be  assumed  (i)  that  the  structure  is  not  constrained  by  the  reactions,  (a)  that  the 
axes  of  the  members  meet  in  a  common  point  at  the  joints,  and  (3)  that  the  joints  have  friction- 
ksB  hinges. 

Tnnsrerw  Bent. — A  transverse  bent  conusta  of  a  truss  supported  at  the  ends  on  columns 
and  braced  against  longitudinal  movement  by  knee  braces  attached  to  the  lower  chord  of  the 
truss  and  to  the  columns. 

Pmliii. — A  beam  that  rests  on  the  top  chords  of  roof  trusses  and  supp<HtB  the  sheathing 
that  carries  the  roof  caverii^,  or  supports  the  roof  coverii^  directly,  or  supports  rafters. 

Baiter. — A  beam  that  rests  on  the  purlins  and  supports  the  sheathing,  or  may  support  sub- 
purlins.    Rafters  are  not  commonly  used  in  mill  buildings. 

Snb^nrlln. — A  secondary  system  of  purlins  that  rest  on  the  rafters  and  are  spaced  so  as  to 
support  the  tile  or  slate  coverii^  directly  without  the  use  of  sheathing. 

Sheathing. — A  covering  of  boards  or  reinforced  concrete  that  is  carried  on  the  purlins  oe 
raftera  to  furnish  a  support  for  the  roof  covering. 

Gilt. — A  beam  that  is  fastened  to  the  columns  to  support  the  side  covering  eitlier  directly 
or  to  support  the  nde  sheathing. 

Monitor  Vontfltttw.^A  framework  at  the  top  of  the  roof  that  carries  fixed  or  movable  1ouvi«s, 
or  sash  in  the  clerestory. 

Ctereabny. — The  clear  opening  in  the  side  framework  of  a  monitor  ventilator  of  a  building, 
also  the  clear  opening  on  the  side  of  a  building. 

Lonrres. — Slats  made  of  metal  or  wood  which  are  placed  in  the  clerestory  tA  a  monitor 
ventilator  to  keep  out  the  storm.  Louvres  may  be  fixed  or  movable.  ,  The  opening  of  a  monitor 
ventibtor  is  also  called  a  louvre. 

PanoL — ^The  distance  between  two  joints  in  a  roof  truss  or  the  distance  between  puriins. 

Bay. — The  distance  between  two  trusses  or  transverse  bents. 

PUch. — ^The  pitch  of  a  truss  is  the  center  hnght  of  the  truss  divided  by  the  span  where  the 
tniM  is  symmetrical  about  the  center  line. 

Other  terms  are  defined  when  they  are  first  used. 

Data  for  the  Dssign  of  Roof  Trusses  and  Steel  Frame  Buildings. 
Wel^  <rf  Roof  TnwMB.— The  weight  of  roof  trusses  varies  with  the  span,  the  distance 
between  trusses,  the  load  carried  or  capacity  of  the  truss,  and  the  pitch. 
The  empirical  formula 

where  ,^  , 
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W  —  Wright  of  Bteet  roo(  truss  in  pounds; 

F  "  capacity  of  truss  in  pounds  persquare  foot  of  horizontal  projection  of  roof  (30  to  80  lb.); 
A  —  distance  center  to  center  of  trusses  in  feet  (8  to  30  ft.); 
L  =  span  of  truss  in  feet; 
was  deduced  by  the  author  from  the  computed  and  shipping  weights  of  rotll  building  tmsses  of 
the  Fink  type. 

Weight  (rf  PnrtinSf  (Hrts,  Bradng,  and  Ciriuniiis. — Steel  puriins  will  weigh  from  i  i  to  4  lb. 
per  sq.  ft.  of  area  covered,  depending  upon  the  spacing  and  the  capacity  of  the  trusses  and  the 
snow  load.  Girts  and  window  framing  will  weigh  from  i}  to  3  lb,  per  sq.  ft.  of  net  surface.  Brac- 
ing is  quite  a  variable  quantity.  The  bracing  in  the  planes  of  the  upper  and  lower  chords  will 
vary  from  J  to  i  lb.  per  sq.  ft.  of  area.  The  side  and  end  bracing,  eave  struts  and  columns  will 
weigh  about  the  same  per  sq.  ft.  of  surface  as  the  trusses. 

Weight  of  Roof  Covering. — The  weight  of  corrugated  iron  or  steel  covering  varies  from 
1}  to  3  lb,  per  sq,  ft.  of  area.  The  we^ht  of  corrugated  steel  is  given  in  Table  1.  The  approxi- 
mate weight  per  square  foot  of  various  roof  coverings  is  given  in  the  followii^  table: 

Corrugated  steel,  without  sheathing i  to 

Felt  and  asphalt,  without  sheathing 

Tar  and  Gravel  Roofing,  without  sheathing 8  to 

Slate,  A  in.  to  J  in.,  without  sheathing 7  to 

Tin,  without  sheathing I  to 

Skylight  glass,  -ft  in.  to  )  in.,  includii^  frames. 4  to 

White  pine  sheathing  i  in.  thick 

Yellow  pine  sheathing  i  in.  thick 

Tiles,  flat 15  to 


Tiles,  corrugated 8  ti 

Tiles,  on  concrete  slabs 30  t' 

Plastered  ceiling 


The  actual  weight  of  roof  coverings  should  be  calculated  if  possible, 

Sdow  Loads,— The  annual  snowfall  in  different  localities  is  a  function  of  the  humidity  and 
the  latitude  and  is  quite  a  variable  quantity.  The  amount  of  snow  on  the  ground  at  one  time 
is  still  more  variable.  The  snow  loads  given  in  Fig.  1  were  proposed  by  the  author  in  "  The  Design 
of  Steel  Mill  Buildings"  in  1903  and  have  been  generally  adopted. 

t 

40   ^ 

»  3- 


Latitude  in  DegreeSi 
Snow  Lo.\d  on  Roofs  for  Different  Latitudes,  in  Pounds  i 


One  of  the  heavicFt  falls  of  snow 
Dec.  5  and  6,  1913,  when  36  inches  of  si 


n  record  occurred  at  Boulder  and  Denver,  Colorado  on 
«  weighing  9  lb,  per  cu.  ft,  fell  durii^  two  days.      Many 
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flat  roofs  weiE  loaded  with  a  anow  load  of  more  than  30  lb.  per  sq.  ft.  and  roofa  with  a  pitch  of  ooe- 
halC  earned  the  full  snow  load  of  37  lb.  per  «q,  ft.  of  horizontal  projection. 

A  high  wind  may  follow  a  heavy  sleet  and  in  designing  the  trusses  the  author  would  recom- 
Dw  and  ice  load  as  given  in  Fig.  I  for  all  slopes  of  roofs.     The 
n  of  this  snow  load,  the  dead  and  wind  loads;  the  dead  and  wind 
loads;  or  of  the  nuudmum  anow  load  and  the  dead  load  beii^;  used  in  designing  the  members. 

Wutd  Loads. — The  wind  pressure,  -F,  in  pounds  per  square  foot  on  a  flat  surface  normal  to 
the  diiection  of  the  wind  for  any  given  velocity,  V,  in  miles  per  hour  is  given  quite  accurately 
by  the  formula 

P  =  aoo4  y  (2) 

The  pressure  on  other  than  flat  surfaces  may  be  taken  in  per  cents  of  that  given  by  formula 
(i)  as  follows:  80  per  cent  on  a  rectangular  building;  67  per  cent  on  the  convex  side  of  cylinders; 
115  to  130  per  cent  on  the  concave  side  of  cylinders,  channels  and  flat  cups;  and  130  to  170  per 
cent  on  the  concave  sides  of  spheres  and  deep  cups. 

Recent  German  specifications  for  design  of  tall  chimneys  specify  wind  loads  per  square  foot 
as  follows:  26  !b.  on  rectangular  chimneys;  67  per  cent  of  26  lb.  on  circular  chimneys;  and  71 
percent  of  36  lb.  on  octagonal  chimneys. 

The  official  specifications  for  the  design  of  steel  framework  in  Prussia  have  recently  been 
amplified  in  the  matter  of  wind  pressures.  For  the  wind-bractng,  as  a  whde,  the  wind  pressure 
on  the  whole  building  is  to  be  taken  as  17  lb.  per  sq.  ft.  For  proportioning  individual  frame 
membem,  girts,  studs,  trusses,  etc.,  a  higher  value  of  wind  pressure  must  be  assumed,  viz.,  28  to 
34  lb.  per  sq.  ft. 

It  would  seem  that  30  lb.  per  square  foot  on  the  side  and  the  normal  component  of  a  hori- 
lontal  pressure  of  30  lb.  on  the  roof  would  be  sufficient  for  all  except  exposed  locations.  If  the 
buildii^  is  somewhat  protected  a  horizontal  pressure  of  30  lb.  per  square  foot  on  the  sides  is 
certainly  ample  for  heights  less  than,  say  30  feet. 

^md  PresBure  on  Inclined  Surfaces. — The  wind  is  usually  taken  as  acting  horizontally 
and  the  oormal  component  on  inclined  surfaces  is  calculated. 


The  normal  component  of  the  wind  pressure  on  inclined  surfaces  haa  usually  been  computed 
by  Hutton's  empirical  formula 

P.-  P-sin^'*""*'-'  (3) 

where  P.  equals  the  normal  component  of  the  wind  pressure,  P  equals  the  pressure  per  square 
foot  on  a  vertical  surface,  and  A  equals  the  angle  of  inclination  of  the  surface  with  the  horizontal, 
Fig.  {*). 

The  formula  due  to  Ducbemin 


where  P.,  P  and  A  are  the  same  as  in  (3),  gives  results  considerably  larger  for  ordinary  roofs 
than  Hutton's  formula,  and  is  coming  into  quite  general  use. 
The  formula 

P. -P-,4/45  ,-,  ,  (5) 
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where  P.  and  F  are  the  aame  as  in  (3)  and  (4),  and  A  is  the  angle  of  inclination  of  the  surface 
in  degrees  (<4  being  equal  to  or  less  than  45*),  gives  results  which  agree  very  closely  with  Mutton's 
formula,  and  is  much  more  simple. 

Hutton'a  formula  (3)  is  based  on  experiments  which  were  very  crude  and  probably  erroneous. 
Duchemin's  formula  (4)  is  based  on  very  careful  enperimenta  and  is  now  considered  the  most 
reliable  formula  in  use.  The  Straight  Line  formula  (5)  agrees  with  expcriuKnts  quite  closely 
and  is  preferred  by  many  engineers  on  account  of  its  simplicity. 

The  values  of  P,  as  determined  by  Hutton'a,  Duchemin's  and  the  Straight  Line  formulas 
are  given  in  Fig.  3,  for  P  equals  30,  30  and  40  lb. 

It  is  interestii^;  to  note  that  Duchemin's  formula  with  P  equals  30  pouoda  gives  practically 
the  same  values  for  roofs  of  ordinary  inclination  as  is  given  by  Hutton's  and  the  Straight  Line 
formulas  with  P  equals  40  pounda. 
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Fig.  3.    NouiAL  Wind  Load  on  Roof  According  to  Different  FoRiitn.AS. 
Duchemin  has  also  deduced  the  formula 


where  Pv  in  (6)  equals  the  pressure  parallel  to  the  direction  of  the  wind.  Fig.  3;  and 


where  Pi  in  (7)  equals  the  pressure  at  right  angles  to  the  direction  of  the  wind,  Fig.  3.  Pt  may 
be  an  uplifting,  a  depressing  or  a  side  pressure.  With  an  open  shed  in  exposed  positions  the 
uplifting  effect  of  the  wind  often  requires  attention.  In  that  case  the  wind  should  be  taken 
normal  to  the  inner  surface  of  the  buildii^  on  the  leeward  side,  and  the  uplifting  force  determined 
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by  uring  formula  (7).  If  tbc  gablea  are  closed  a  deep  cup  ia  formed,  and  the  normal  pressure 
should  be  incmued  30  to  70  per  cent. 

That  the  uplifting  force  of  the  wind  is  often  considerable  in  exposed  localities  is  made  evident 
by  the  fact  that  highway  bridges  are  occasionally  wrecked  by  the  wind. 

The  wind  pressure  is  not  a  steady  pressure,  but  varies  in  intensity,  thus  producing  excessive 
vibrationB  which  cause  the  structure  to  rock  if  the  bracing  is  not  rigid.  The  bracing  io  mill 
buildups  should  be  designed  for  initial  tension,  so  that  the  building  will  be  rigid.  Rigidity  is 
(rf  more  importance  than  streogtb  in  mill  buildings. 

lUacellanMua  Loads. — Data  on  the  weights  of  materials  are  given  in  Chapter  II.  The 
weights  and  other  data  for  hand  cranes  aie  given  in  Table  133  and  of  electric  cranes  are  given 
in  Table  130,  Part  II. 

Kniiniiin  Loads. — For  minimum  loads  to  be  calculated  on  roofs  see  i  37,  "Specifications  for 
Steel  Frame  Buildings"  in  the  last  part  of  this  chapter. 

STRESSES  IN  KOOF  TRUSSES  AND  MILL  BUILDIITGS.— For  the  calculation  of  the 
stresses  in  roof  trusses  and  in  the  framework  of  steel  frame  mill  buildings,  see  the  authcv's  "  The 
Design  of  Steel  Mill  Buildings." 

Design  of  Steel  Mill  BinLDiNcs. 

0«nenl  PrindplM  at  Deilgn. — The  general  dimennons  and  the  outline  of  a  mill  building 
wilt  be  governed  by  local  conditions  and  requirements.  The  questions  of  light,  heat,  venti- 
lation, foundations  for  machinery,  handlii^  of  materials,  future  extenuons,  first  cost  and  cost 
of  maintenance  should  receive  proper  attention  tn  designing  the  different  classes  of  structures. 
One  tM-  two  of  the  above  items  often  determines  the  type  and  general  design  of  the  structure. 
Where  real  estate  is  h^h,  the  first  cost,  including  the  cost  of  both  land  and  structure,  causes 
the  adoption  in  many  cases  of  a  multiple  story  building,  while  on  the  other  hand  where  the  site 
b  not  too  expensive  the  sii^te  story  shop  or  mill  is  usually  preferred.  In  coal  tipples  and  shaft 
bouses  the  handling  of  materials  is  the  prime  object;  in  railway  shops  and  factories  turning  out 
heavy  machinery  or  a  similar  product,  foundations  for  the  machinery  required,  and  convenience 
in  handling  materials  are  most  important;  while  in  many  other  classes  of  structures  such  as  weaving 
sheds,  textile  mills,  and  factories  which  turn  out  a  less  bulky  product  with  l^ht  machinery,  and 
which  employ  a  large  number  of  men,  the  principal  items  to  be  considered  in  designing  are  light, 
heat,  ventilation  and  ease  of  superintendence. 

Shops  and  factories  are  preferably  located  where  transportation  facilities  are  good,  land  is 
cheap  and  labor  plentiful.  Too  much  care  cannot  be  used  in  the  design  of  shops  and  factories 
for  the  reason  that  defects  in  des^n  that  cause  inconvenience  in  handling  materials  and  workmen, 
increased  cost  of  operation  and  maintenance  are  permanent  and  cannot  be  removed. 

The  best  modern  practice  inclines  toward  single  floor  shops  with  as  few  dtvidii^  walls  and 
partitions  as  possible.  The  advantages  of  this  type  over  multiple  story  buildings  are  (i)  the 
light  is  better,  (3)  ventilation  is  better,  (3)  buildings  are  more  easily  heated,  (4)  foundations  for 
machinery  axe  cheaper,  (5)  machinery  being  set  directly  on  the  ground  causes  no  vibrations  in 
the  building,  (6)  floors  are  cheaper,  (7)  workmen  are  more  directly  under  the  eye  of  the  superin- 
tendent, (6)  materials  are  more  easily  and  cheaply  handled,  {9)  buildings  admit  of  indefinite 
extension  in  any  direction,  (lo)  the  cost  erf  construction  is  less,  and  (i  i)  there  is  less  dai^sr  from 
damage  due  to  fire. 

The  walls  of  shops  and  factories  are  made  (i)  of  brick,  stone,  or  concrete;  (a)  of  bricfc,  hollow 
tile  or  concrete  curtain  walls  between  steel  columns;  (3)  of  expanded  metal  and  plaster  curtain 
walls  and  glass;  (4}of  concrete  slabs  fastened  to  the  steel  frame;  and  (5)  of  corrugated  steel  fastened 
to  the  steel  frame. 

The  roof  is  commonly  supported  by  steel  trusses  and  framework,  and  the  roofing  may  be 
^te,  tile,  tar  and  gravel  or  other  composition,  tin  or  sheet  steel,  laid  on  board  sheathing  or  on 
concrete  slabs,  tile  or  slate  supported  directly  on  the  purlins,  or  corrugated  steel  supported  on 
board  sheathing  or  directly  on  the  purlins.    Where  the  slope  of  the  roof  is  flat  a  first  grade  tar 


8  STEEL  ROOF  TRUSSES  AND  MILL  BUILDINGS.  Chap.  I. 

and  gravel  roof,  or  some  one  of  the  patent  cotnpoution  rttoia  is  used  in  preference  to  tin,  and  on  a 
steep  slope  slate  is  commonly  used  in  preference  to  tin  or  tile.  Corrugated  steel  roofio^  is  much 
used  on  bcnler  houses,  smelters,  forge  shops,  coal  tipples,  and  similar  structures. 

Floors  in  boiler  houses,  forge  shops  and  in  similar  structures  are  generally  made  of  cinders; 
in  round  houses  brick  floors  on  a  gravel  or  concrete  foundation  are  quite  common;  while  in  buildings 
where  men  have  to  work  at  machines  the  favorite  floor  is  a  wooden  floor  on  a  foundation  of  cinders, 
gravel,  or  tar  concrete.  Where  concrete  is  used  for  the  foundation  of  a  wooden  floor  it  should  be 
either  a  tar  or  an  asphalt  concrete,  or  a  layer  of  tar  should  be  put  on  top  of  the  cement  concrete 
to  prevent  decay.  Concrete  or  cement  floors  are  used  in  many  cases  with  good  results,  but 
they  are  not  satisfactory  where  men  have  to  stand  at  benches  or  machines.  Wooden  racks  on 
cement  floors  remove  the  above  objection  somewhat.  Where  rough  work  is  done,  the  upper  or 
wearing  surface  of  wooden  floors  Is  often  made  of  yellow  pine  or  oak  plank,  while  in  the  better 
classes  of  structures,  the  top  layer  is  commonly  made  of  maple.  For  upper  floors  some  one  of 
the  common  types  of  fireproof  floors,  or  as  is  more  common  a  heavy  plank  floor  supported  on 
beams  may  be  used. 

Care  should  be  used  to  obtain  an  ample  amount  o!  light  in  buildings  in  which  men  are  to 
work.  It  is  now  the  common  practice  to  make  as  much  of  the  roof  and  side  walls  of  a  trans- 
parent or  translucent  material  as  practicable;  in  many  cases  fifty  per  cent  of  the  roof  surface  is 
made  of  glass,  while  skylights  equal  to  twenty-five  to  thirty  per  cent  of  the  root  surface  are  very 
common.  Direct  sunlight  causes  a  glare,  and  is  also  objectionable  in  the  summer  on  account  of 
the  beat.  Where  windows  and  skylights  are  directly  exposed  to  the  sunlight  they  may  best  be 
curtained  with  white  muslin  cloth  which  admits  much  of  the  light  and  shades  perfectly.  The 
"saw  tooth"  type  of  roof  with  the  shorter  and  glazed  tooth  facing  the  north,  gives  the  best  light 
and  is  now  coming  into  quite  general  use. 

Plane  glass,  wire  glass,  factory  ribbed  glass,  and  translucent  fabric  are  used  for  glazing 
windows  and  skylights.  Factory  ribbed  glass  should  be  placed  with  the  ribs  vertical  for  the 
reason  that  with  the  ribs  horizontal,  the  glass  emits  a  glare  which  is  very  tryii^  on  the  eyes  of 
the  workmen.  Wire  netting  should  always  be  stretched  under  skylights  to  prevent  the  broken 
glass  from  falling  down,  where  wire  glass  is  not  used. 

Heating  in  large  buildings  is  gerierally  done  by  the  hot  blast  system  in  which  fans  draw  the 
air  across  heated  coils,  which  are  heated  by  exhaust  steam,  and  the  heated  air  is  conveyed  by 
ducts  suspended  from  the  roof  or  placed  under  the  ground.  In  smaller  buildings,  direct  radiation 
from  steam  or  hot  water  pipes  is  commonly  used. 

The  proper  unit  stresses,  minimum  size  of  sections  and  thickness  of  metal  will  depend  upon 
whether  the  building  is  to  be  permanent  or  temporary,  and  upon  whether  or  not  the  metal  is 
liable  to  be  subjected  to  the  action  of  corrosive  gases.     For  permanent  buildings  the  author 

would  recommend  i6,ooo  lb.  per  square  inch  for  allowable  tensile,  and  16,000  —  70-  lb.  per 

square  inch  for  allowable  compres^ve  stress  for  direct  dead,  snow  and  wind  stretaes  in  trusses 
and  columns:  I  being  the  center  to  center  length  and  r  the  radius  of  gyration  of  the  member, 
both  in  inches.  For  wind  bracing  and  flexural  stresses  in  columns  due  to  wind,  add  35  per  cent 
to  the  allowable  stresses  for  dead,  snow  and  wind  loads.  For  temporary  structures  the  above 
allowable  stresses  may  be  increased  20  to  15  per  cent. 

The  minimum  size  of  angles  should  be  2"  X  2"  X  i",  and  the  minimum  thickness  of  plates 
1  in.,  for  both  permanent  and  temporary  structures.  Where  the  metal  will  be  subjected  to 
corrosive  gases  as  in  smelters  and  train  sheds,  the  allowable  stresses  should  be  decreased  20  to  35 
per  cent,  and  the  minimum  thickness  of  metal  increased  35  per  cent,  unless  the  metal  is  fully 
protected  by  an  acid-proof  coating  (at  present  the  best  paints  do  little  more  in  any  case  than 
delay  and  retard  the  corrosion). 

The  minimum  thickness  of  corrugated  steel  should  be  No.  20  gage  for  the  roof  and  No,  32 
for  the  sides;  where  there  is  certain  to  be  no  corrosion  Nos.  ai  and  24  may  be  used  for  the  roof 
and  udes  respectively. 
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Sted  Frame  Hill  BnUdiags. — The  framework  of  a  ste«1  frame  mill  building  coDeJEts  of  a 
serin  of  transvene  bents,  which  carry  the  purlins  on  the  tops  of  the  trusses,  and  girts  on  the 
^des  d  the  columns  to  carry  the  covering,  Fig.  4.  The  framework  is  braced  by  diagonal  bracing 
in  tbe  planes  of  the  roof  and  the  sides  of  the  building,  and  in  the  plane  of  the  lower  chords.  A 
transverse  bent  conasts  of  a  roof  truss  supported  at  the  ends  on  columns  and  is  braced  against 
endwise  movement  by  means  of  knee  braces.  The  framing  plan  for  a  steel  frame  mill  building 
is  shown  in  Fig.  4.  Steel  mill  buildings  are  also  made  with  end  trusses  in  place  of  the  end  framing 
shorn  in  Fig.  4. 
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Fig.  4.    FraiiIework  for  a  Steel  Mill  Bt;iLDiNG. 
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Types  of  Roof  Trusses. — Several  types  of  roof  trusses  are  shown  in  Fig.  5. 
have  been  subdivided  so  that  the  purlins  will  come  at  the  panel  points,  and  will  not  have  a  spacing 
greater  than  4  ft.  9  in.,  the  greatest  spacing  allowed  for  corrugated  steel  roofing  when  laid  without 
sheathing.  The  Fink  trusses  shown  in  (a)  to  (e)  are  commonly  used  in  steel  frame  buildings 
and  are  very  economical.     The  other  types  of  trusses  need  no  explanation. 

Different  methods  of  lighting  and  ventilating  buildings  through  the  roof  are  shown  in  Fig.  6. 

S«W  Tooth  Roofs. — The  common  type  of  saw  tooth  roof  is  shown  in  (m)  Fig.  6.  The  glazed 
kg  faces  tbe  north  and  permits  only  indirect  light  to  enter  the  building,  thus  doing  away  with 
the  glare  and  varying  intensity  of  light  in  buildings  where  direct  sunlight  enters.  In  cold  climates 
the  snow  drifts  the  gutters  nearly  full  and  causes  loss  of  light  and  also  leakage  from  the  over- 
flowing gutters.  The  modified  saw  tooth  roof  shown  in  (n)  was  designed  by  the  author,  to  obviate 
the  defects  in  the  common  type  of  saw  tooth  roof.  The  modified  saw  tooth  roof  permits  the 
use  of  a  greater  span  and  more  economical  pitch  than  the  common  form  shown  in  (m). 

Tnasverse  Bents. — A  number  of  the  common  forms  of  transverse  bents  are  shown  in  Fig.  7. 
TtansveiBe  bents  (o),  (i),  (li),  and  (A)  are  used  for  boiler  houses,  shops,  etc.Fhile  {ri,  (s),  (f) 
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Fig.  5.    Types  of  Roof  Trusses. 


DigilizeoDV  Google 


TYPES  OF  ROOF  TRUSSES. 


^Monitor 


(h)Siu(  Mill,  Monitohs 


(i)  Skylights 


■      05KyLI6HT3 


(k)5Kfl^lT3  (I)  ffOOF  WrTH  SAW  TOOTH  SKYLIGHT 

HorUi  End  South  End  North  End  SouthEnd 

wfiedSw  Tooth //ocf 
i  AND  Vbntilatinc. 


/W-SW  Ti?OTH  RCOF  (I^£AV1H6  &l£^  (n)  KeTCHOM^  MODtFIEDSAW  ToOTH  1^}0F 

Fig.  6.    Roof  Tkusses  Showing  Metbods  op  Lighting  and  Vbntilatinc. 


12  STEEL  ROOF  TRUSSES  AND  MILL  BUILDINGS.  Chap.   1 


(^  Bern-  WITH  Tkum/LAit  Tbuss  (f)  Side  Sheds  with  Ckahe 


^ZSZ2S2 


'  Glass  or  Lmwvs 


SS22Sq  pSZSS 


{g)  Side  Sheds  with  Ckahc 


0  Bent  w/th  Da/eiE  Monitors  (h)  Bekt  wtth  Ciuhe 

Fig.  7.    TvPBS  of  Transverse  Bents. 


DigilzeoDV  Google 


ROOF  ARCHES. 


J  EI/?' 


Tiro  HimEO  AJiCH,  Chicaso  Live  Stock  P/viuon 


;All  web  members 
9re  Z&- 


TJaiEE  HiNSED  Arch,  Government  builoing 
St-  Louts,  Mo- 


Fig.  S.     Roof  Arches. 


Digitized  by  GtXlglC 


14  STEEL  ROOF  TRUSSES  AND  MILL  BUILDINGS.  Chap.  1. 1 

and  (j)  are  used  for  shops  or  buildinga  where  the  main  part  of  the  building  is  required  to  be  covered 
by  a  crane  and  side  sheds  are  used  for  Ughter  work. 

Roof  Arches. — Roof  arches  are  used  where  a  large  clear  floor  space  is  required  as  in  coliseums, 
exposition  buildings  and  train  sheds,  Fig.  8.  The  arches  are  braced  in  pairs  and  carry  the  roof 
covering.  Arches  may  have  one,  two  or  three  hinges,  or  may  be  made  without  hinges.  Three- 
hinged  arches  are  statically  determinate  structures,  while  the  stresses  in  all  other  arches  are 
statically  indeterminate.  Arches  without  hinges  are  used  for  domes.  Three-hinged  roof  arches 
have  been  commonly  used  in  America,  although  the  two-hinged  roof  areh  is  more  economical 
and  has  many  advantages.  Arches  may  have  a  horizontal  tie  as  in  the  Chicago  Stock  Pavilion 
and  the  Government  Building,  or  the  horizontal  reactions  may  be  carried  by  the  foundations 
as  in  the  St.  Louis  Coliseum,  Fig,  8.  For  the  calculation  of  the  stresses  in  three-hii^ed  and  two- 
hinged  roof  arches,  see  the  author's  "The  Design  of  Steel  Mill  Buildings." 

IHtcta  of  Roof. — ^The  pitch  of  a  roof  is  given  in  terms  of  the  center  height  divided  by  the  span; 
for  example  a  6o-ft.  span  truss  with  i  pitch  will  have  a  center  height  of  15  ft.  The  minimum 
pitch  allowable  in  a  roof  will  depend  upon  the  character  of  the  roof  covering,  and  upon  the  kind 
of  sheathir^  used.  For  corrugated  steel  laid  directly  on  purlins,  the  pitch  should  preferably  be 
not  less  than  i  (6  in.  in  la  in.),  and  the  minimum  pitch,  unless  the  joints  are  cemented,  not  less 
than  i.  Slate  and  tile  should  not  be  used  on  a  less  slope  than  }  and  preferably  not  less  than  ). 
The  lap  of  the  slate  and  tile  should  be  greater  for  the  less  pitch.  Gravel  should  never  be  used 
on  a  roof  with  a  greater  pitch  than  about  i,  and  even  then  the  composition  is  very  liable  to  run. 
Asphalt  is  inclined  to  run  and  should  not  be  used  on  a  roof  with  a  pitch  of  more  than,  say,  a  in. 
to  the  foot.  If  the  laps  are  carefully  made  and  cemented  a  gravel  and  tar  or  asphalt  roof  may  be  ' 
practically  fiat;  a  pitch  of  j  to  1  in.  to  the  foot  is,  however,  usually  preferred.  Tin  may  be  used 
on  a  roof  of  any  slope  if  the  joints  are  properly  soldered.  Most  of  the  piatent  composition  roofings  1 
give  better  satisfaction  if  laid  on  a  roof  with  a  pitch  of  i  to  }.  Shingles  should  not  be  used  on  a 
roof  with  a  pitch  less  than  1.  and  preferably  the  |Htch  should  be  1  to  j. 

Pitch  of  Truss. — There  is  very  little  difference  in  the  weight  of  Fink  trusses  with  horizontal  ' 
bottom  chords,  in  which  the  top  chord  has  a  pitch  of  i,  },  or  }.  The  difference  in  weight  is  quite 
noticeable,  however,  when  the  lower  chord  is  cambered;  the  truss  with  the  i  pitch  being  then 
more  economical  than  either  the  }  or  the  i  pitch.  Cambering  the  lower  chord  of  a  truss  more 
than,  say,  I— 40  of  the  span  adds  condderable  to  the  we^ht.  For  example  the  computed  weights  ; 
of  a  60-ft.  Fink  truss  with  a  horizontal  lower  chord,  and  a  60-ft.  Fink  truss  with  a  camber  of  3  ft. 
in  the  lower  chord,  showed  that  the  cambered  truss  we^hed  40  per  cent  more  for  the  }  pitch  and 

15  per  cent  more  for  the  1  pitch,  than  the  truss  having  the  same  pitch  with  horizontal  lower 
chord.     It  is,  however,  desirable  for  appearance  sake  to  put  a  slight  camber  in  the  bottom  chords 
of  roof  trusses,  for  the  reason  that  to  the  eye  a  horizontal  lower  chord  will  appear  to  sag  if  viewed 
from  one  side- 
In  deciding  on  the  proper  pitch,  it  should  be  noted  that  while  the  )  pitch  gives  a  better  slope  , 

and  has  a  less  snow  load  than  a  roof  with  t  or  i  pitch,  it  has  a  greater  wind  load  and  more  roof 
surface.  Taking  all  things  into  consideration  i  pitch  is  probably  the  most  economical  pitch  for  a 
roof,  A  roof  with  i  pitch  is,  however,  very  nearly  as  economical,  and  should  preferably  be  used 
where  corrugated  steel  roofing  is  used  without  sheathing,  and  where  the  snow  load  is  latge. 

Spacing  of  Truaaes  and  Ttansrerse  Benta. — The  weight  of  trusses  and  columns  per  square 
foot  of  area  decreases  as  the  spacing  increases'  while  the  weight  of  the  purlins  and  girts  per  square 
foot  of  area  increases  as  the  spacing  increases.  The  economic  spacing  of  the  trusses  is  a  function  1 
of  the  weight  per  square  foot  of  floor  area  of  the  truss,  the  purlins,  the  side  girts  and  the  columns, 
and  also  of  the  relative  cost  of  each  kind  of  material.  For  any  given  conditions  the  spacing 
which  makes  the  sum  of  these  quantities  a  minimum  will  be  the  economic  spacing.  It  is  desirable 
to  use  simple  rolled  sections  for  purlins  and  girts,  and  under  these  conditions  the  economic  spacing 
will  usually  be  between  16  and  35  ft.  The  smaller  value  being  about  right  for  spans  up  to,  say, 
.60  ft.,  designed  for  moderate  loads,  while  the  greater  value  is  about  right  for  long  spans,  designed 
for  heavy  loads.  j 
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Calculationa  of  a  series  of  aimple  Finfc  truaaw  resting  on  walU  and  having  a  uniform  spa. 
of  60  ft.  and  different  spacii^  gave  the  least  weight  per  square  foot  of  horizontal  pTOJection 
the  roof  for  a  spacing  of  i8  ft.,  and  the  least  weight  of  trusses  and  purljna  combined  for  a  a\mr 
of  lo  ft.  The  weight  of  truMes  per  square  foot  was,  however,  more  for  the  lo-ft.  spacing  -.h,. 
fir  the  i8-ft.  spacing,  so  that  the  actual  cost  of  the  Mcel  in  the  root  was  a  minimum  for  a  spacii.f 
of  about  16  ft.;  the  shop  cost  of  the  tniases  per  lb.  betng  several  times  that  of  tht  purlins.  Lo;,.. 
conditions  and  requirements  usually  control  the  spacing  of  the  trusses  so  that  it  is  not  nrcessarv 
that  we  know  the  economic  spacing  very  definitely. 

For  long  spans  the  economic  spacing  can  be  increased  by  using  rafters  supported  on  hea\-y 
purlins,  [daced  at  greater  distances  than  would  be  required  if  the  roof  were  carried  directly  by  the 
purlins.  This  method  is  frequently  used  in  thi-  design  of  train  sheds  and  roofs  of  buildings  when- 
planV  sheathing  is  used  to  support  slate  or  tile  coverings,  or  where  the  tiles  arc  supported  b;' 
angle  sub-purlins  spaced  close  together  as  shown  in  Fig.  13. 

TtoM  Details. — Riveted  trusses  arc  commonly  used  for  mill  buildings  and  similar  structures. 
For  ordinary  loads  the  chord  sections  are  commonly  made  of  two  angles.  Fig.  10.  -  For  heai  > 
:.iads  the  chords  may  be  made  of  two  channels.  Fig.  13.  Where  the  purlins  are  not  placed  at  iht.- 
piDcl  pCMBtstbe  upper  chord  must  be  designed  for  flexure  as  well  as  for  direct  stress.  TwoanKl.-^ 
nith  a  vertical  plate  make  an  excellbnt  section  where  the  chord  must  take  both  direct  and  fle;(ural 
:4rcss.  Trusses  supported  on  masonry  walls  should  have  one  end  supported  on  sliding  plati - 
;ur  spans  up  to  70  ft.,  tor  greater  lengths  of  span  rollers  or  a  rocker  should  be  used.  Shop  tb^H-ini.  ■ 
of  a  steel  roof  truss  are  given  in  Fig.  10.  Details  of  the  end  connections  of  trussi-s  listing  on  >■ 
and  fastened  to  columns  are  given  in  Fig.  Ii.  Details  of  truss  joint.s  are  given  in  Fig.  11.  W 
n-er  pOMible,  truss  joints  should  be  so  designed  that  the  joint  will  nut  be  eccentric. 

Delails  of  Hoof  Framing. — Roof  trusses  and  transverse  bents  should  be  braced  transvf 
with  vertical  framework  and  bracing  to  give  the  roof  framing  latcrnl  stability.  The  bracing 
be  placed  in  the  center  line  of  the  building  as  in  Fig.  I3,  or  at  ihc  quarti-r  points  as  in  F 
long  span  trusses  should  be  braced  at  both  the  center  and  the  quarter  points.  Details  o< 
framing  giving  methods  of  bracing  roof  trusses  and  transverse  bcni^  .uo  given  in  Fig.  4,  Fi 
and  Fig.  43. 

Details  of  a  roof  truss  and  roof  framing  to  carry  a  Ludowici  lile  roof  without  shtathin 
shown  in  Fig.  13.  The  tiles  are  carried  on  sub-purlins,  tho  sub-purlins  are  supported  by  r; 
which  are  in  turn  supported  by  the  purlins. 

Colimnu. — The  common  forms  of  columns  used  in  mill  buildings  are  sbova  in  Fig.  14. 
side  columns  with  l^ht  loads  column  ig)  composed  of  four  anglcv  1  'cd  is  very  sa*-Varto-j-.  ■'' 
for  side  columns  that  take  bending  and  heavy  loads  column  j")  composed  of  four  anti'S  and  a 
ilate  IB  the  most  satisfactory  column.  Columns  (o),  (i).  1',),  (d),  (e)  and  <ji  are  used  to  carry 
lieavy  loada.  The  I  beam  and  the  angle  columns  are  ti^.d  for  end  and  comer  columns,  resi^'i-- 
civcly.  Details  of  a  four  angle  laced  column  and  a  fou  angle  and  plate  cJumn  are  shown  ir 
Fig.  15.  Details  of  a  heavy  column  and  a  light  columr,  made  of  two  channels  Ucid  arc  shown 
in  Fig.  16. 

COftKUGATED  STBBI^ — Corrugated  steel  is  rolled  to  U.  S.  standard  gage.  Thi-  rcie'iI' 
of  flat  steel  and  corrugated  steel  for* different  gages  an,!  thickness  are  given  in  'Lil'!'-  i.  t  irri- 
gated ^dingand  roofing  is  rolled  as  shown  in  Fig.  17.  The  special  corrotialed  stivl  in  (b)  f-ig.  17 
'  IS  commonly  uae6  for  roofing,  and  the  corruRiiied  steej  in  (c)  is  used  for  siding. 

The  standard  stock  lengths  vary  by  single  feet  from  4  (t.  to  10  ft.  Sheet-  can  bo  obtained 
;-•  k»"e  a»  la  ft-,  but  are  special  and  co-t  5  per  cent  \  stra  anil  will  dtloy  the  onii  r. 

I  he  purlins  for  corrugated  steei  *  \i  hout  sheatt^iug  should  be  spared  (or  a  load  of  30  lb,  p" 
■:    -   "n  the  rricrf;  and  the  girts  for  JJ  lb.  per  sq.  ft.  on  the  sidi  5,  js  givtn  in  I-  ig.  i8. 

(leUiU  of  corrugated  steel  rs  ,;iven  in  Fig.   ,q  jre  ftan.lard  with  thr  M  Clin  tic- Marshal!^ 
-action  t  onipany  and  the  Aracri^'ao  Bridge  '(  ompany. 
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0£TAILS  OF  J?OOF  TRUSS  CONNECTIONS 
Fig.  II.     Details  of  Truss  Conhkctions  and  Joints. 


Digitized  by  GtXlgle 


STEEL  ROOF  TRUSSES  AND  MILL  BUILDINGS.  Chap. 
- -.9-.V A 


\ 

\  D,=;,lz.d.,  Google 


TRUSS  DETAILS. 


DsTAiLs  OF  Poof  Truss  Connfctions 
Fig.  11.    Details  of  Truss  Connections  and  Joints. 
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Half        Transverse        Soctlon. 
Fig.  13-    Roof  Truss  and  Transverse  Bent  Showing  Teansversb  Bracing. 


Section  R-B  f  .OOqIc 

Fig.  13.     Details  of  a  Roof  Covered  with  Ludowici  Tile.    "^ 
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Futenliiga  for  Coimgated  SItMlliig. — Corrugated  steel  is  fastened  to  purlina  aod  girts  usually 
by  the  following  fastenen. 

Straps. — These  are  made  of  No.  18  U.  S.  gage  eteel,  }  of  an  in.  wide.  These  straps  pass 
around  the  purlins  and  are  riveted  to  the  abeets  at  both  ends  by  fy"  diameter  rivets,  |  in.  long; 
or,  they  may  be  fastened  by  bolts.  Order  one  strap  and  two  rivets,  or  bolts,  for  each  lineal  loot 
of  girt  or  purlin,  to  which  the  corrugated  steel  is  to  be  fastened,  and  add  30  per  cent  to  the  number 
oi  rivets  for  waste,  and  id  per  cent  to  the  straps  or  the  bolts.  One  thousand  rivets  will  weigh 
6  lb.;  one  bundle  of  hoop  steel  will  weigh  50  lb.  and  contains  400  lineal  feet. 
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Fig,  14.    Types  of  Ccs-umns  for  Steel  Mill  Buildings. 


Clinch  Rittts  orNailt. — These  are  special  rivets  or  nails  made  of  No.  9  Birmingham  gage 
wire,  which  clinch  around  the  edge  of  the  angle  iron  or  channel  and  are  used  for  fastening  the  steel 
sbeathit^  to  steel  purlins  or  girts.    They  are  of  the  lengths  shown  on  page  34. 
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Fig.  is.    Details  of  Mill  Building  Columns. 
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Fig.  i6.    Details  of  Mill  Builwnc  Coluuns. 
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Order  two  rivets  to  each  lineal  foot  of  purlin  or  girt  to  which  the  coirugated  steel  is  to  be 
fastened  and  add  lo  per  cent  for  waste. 

Clips  and  Bolts. — These  are  used  for  fastening  comigated  steel  to  steel  purlins  or  girts.  Clips 
are  made  of  No.  i6,  l)  in.  steel,  about  a)  in.  long,  and  are  sightly  crimped  at  one  end,  to  go  over 
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Fig.  17.    Details  of  Cobbugated  Steel. 
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Fig.  18.    Safb  Loads  for  Cohrugated  Stkkl. 
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the  BaQge  o(  the  purlin.  The  bolts  are  of  the  same  diameter,  and  have  the  same  head  as  the  clinch 
rivets,  except  that  they  are  supplied  with  threads  and  nut,  and  are  about  I  in.  long.  These  clips 
and  bolts  should  not  be  used  excepting  in  special  cases,  where  the  regular  fastenings  cannot  be 
easily  applied. 
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effmOx  4'pi2d);  and  /sy  mtfi  Naurs'  Cement-   If  side  Zaps  sre  to  be 

nvrtmim^  c/os^  mitts  12'^isrt  ■ 

^oie-2'6  i^d^iolho^es  apimirii/isfd!/sp<^one  comigsifon,wfffeoyer  Closing  Rivets 

24  •aSiw'f/irtodiap-   Ckaio^  rivets  in  ^de  1^  iB'centers.  ' '     -'  -  -'"^ 

^^me~as^m»Msam  ga^  as  sfSt^,  can  io  (Gained  mfhlhvmy 

Ni/6,Nm^4S'''/44'    /ft20  '  43'" /20'     N!22 Nf 24-44' iX' 

^'^^7-4O^/20'    /V-Vtf-    40'46'  C^JhL^^mZi^ ^^ 

Fig.  19.    Standakd  Details  fob  Corbugated  Steel. 
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24  STEEL   ROOF  TRUSSES  AND  MILL  BUILDINGS.  Ckaf.  I. 

Table  of  Clinch  Nails. 

L  Purlin  leg j"  4"  S"  6"  7" 

Length S"  6"  7"  8"  9" 

No.  per  lb 31  39  3]  21  18 

LPurlinleg 3"  4"  5"  6"  7" 

Leogtb 6"  7"  or  8"  9"  10"  u" 

No.  per  lb 19  II  18  16  14 

In  cases  where  flashing,  cornice  work,  and  several  thicknesses  of  metal  are  to  be  fastened  at 
one  point,  rivets  or  bolts,  other  than  standard  lengths  given  will  be  needed.  Closing  rivets  )  in. 
long  and  bolts  i)  in.  long  will  usually  answer  in  these  cases. 

If  side  laps  of  corrugated  steel  arc  to  be  riveted,  rivets  should  be  ordered,  one  for  each  lineal 
foot  of  side  lap,  plus  lO  per  cent  for  waste. 

If  corrugated  steel  is  to  be  fastened  to  wooden  purlins  or  timber  sheathing,  order  8d  barbed 
nails  for  roofing  and  for  siding.  These  nails  should  be  spaced  one  foot  apart,  for  both  end  and  side 
laps;  add  20  per  cent  for  waste.     Ninety-six  fld  barbed  nails  weigh  I  lb. 

Corrugated  steel  for  roofing  should  be  laid  with  two  corrugations  side  lap  if  standard  or  ll 
corrugations  side  lap  if  special,  and  6  in.  end  lap.  Corrugated  steel  for  uding  should  have  one 
corrugation  side  lap  and  4  in.  end  ]a.p. 

Louviei. — Weights  of  Shillier  louvres  of  black  iron  or  steel  are  as  follows: 


GaieNo. 


The  weight  is  obtained  from  F^.  3' 


Welgbt  per  Squue  Feet. 

2.7  lb. 
2.0  lb. 


Louvres. 


Louvres  are  estimated  in  square  feet  =  2h  X  length. 

To  get  weight  multiply  area  by  (1.7  X  weight  per  sq.  ft.  of  flat  of  material  used). 
Rjdg«  RolL — Ridge  roll  is  ordinarily  of  same  gage  as  roofing  and  black  or  galvanized  ti 
respond  with  same.     Ridge  roll  is  usually  made  from  an  18  in.  flat  ^leet. 


Weicrt  of  Ridge  Roll. 


Gage  No. 

Welghl.  lb.  per  lltieil  ft.                                    1 

*4 

It    Black  Iron  or  Steel. 
1.6  1 
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CORRUGATED  STEEL  SHEETS. 


TABLE  I. 
Corrugated  Sheets.    American  Sheet  and 

Tin  Plate  Company  Standard. 

AKBAS  or  CORSUOATBD  Sbsbts                            1 

Width,  lochM  I 

^1 

Sq.  Ft.  In  I  Sbat 

SbtetilniooSq.Ft. 

Width.  IndK. 

s 

Num- 

a^ 

Ap. 

Comiaatioai 

ComiEaUoDa 

Noniul 

Act™. 

S" 

".?>"■ 

1".  1" 

5"       i 

'■^" 

I",  r 

i 

4 

6 
9 

26 

28 
26 

J6 

26 

IS 

24 
H 
H 
H 

24 
24 

60 

11 

96 
108 

144 

M.67 

i 

3:S 

10.83 
13.00 

15.17 
■7.33 

z6.oo 

12.50 

18.7s 
20.8J 

iS-oo 

8.57 
M4 
6.12 
5.36 
4.76 
4.29 
3.S7 

9-23 
6-59 
S-77 
S-I3 
4.62 
3.85 

9.60 
8.00 

6.86 
6.00 

4.00 

Suodard  lengths  «,  6,  7,  8,  Q  and  10  feet.    Max- 
imum length,  11  feetfor  j"  to  il"  comigation. 

Corrugated  Sheets.— Painted. 
Weights  in  Pounds  per  100  Square  Feet. 

?r 

TUcbMH.  V.  S.  standard  Gad  and  Dedmali  of  an  Inch                                             | 

.2      1       ,4 

16 

18 

20       1        2t 

2S 

23 

24 

IS 

26 

27 

28 

'""" 

.109 

.078 

.063 

.050 

.038 

■034 

.031 

.028 

.02S 

.0:2 

.019 

.017 

.016 

h 

339 

271 
J7I 

*7I 
271 

117 
317 

217 
217 

170 

150 
ISO 
ISO 
ISO 

156 

136 

136 
142 

123 

123 

12] 

12B 

no 
114 

9<i 
1 

86 

76 

79 

68 
68 
68 
68 
72 

♦74 

339 

Corrugated  Sheets. — Galvanired. 
Weights  in  Pounds  per  100  Square  Feet. 

Sou. 

TUdcDOi.  U.  S.  Standard  Gace  and  Dedmala  of  an  Inch                                             | 

n 

14 

16 

18 

a 

21 

22                23 

24 

^S 

26 

27 

zS 

.109 

.078 

.o6j 

■050 

,03» 

.034 

.031 

.018 

.025 

.0.. 

.019 

.017 

.016 

JS4 

z86 
286 
286 
186 

2J1 

132 
232 
232 

i 

'SI 

•s« 

iSi 

IS7 

138 
138 
138 

"38 

124 
124 
124 
■  24 

129 

i" 

98 
98 

91 

9' 
91 
91 
94 

i 

87 

2* 

488 

JS4 

'i 

The  weights  per  100  square  feet  given  in  preceding  tables  do  not  include  allowances  for  end 

or  wde  laps.     The  following  table  gives  the  approximate  number  of  square  feet  of  sheeting  neces- 

^ry  to  cover  an  area  of  100  square  feet  and  is  based  on  sheets  of  standard  width,  96  inches  long. 

If  longer  or  shorter  sheets  are  used,  the  number  of  square  feet  required  will  vary  accordingly. 

Square  Feet  of  Corrugated  Sheets  to  Cover  100  Square  Feet. 

ShteUi. 

End  Lap.  Incbct                                                  1 

I 

4 

S 

6 

no 
116 

III 

117 

112 
118 

113 

114 
127 

"5 
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26  STEEL  ROOF  TRUSSES  AND  MILL  BUILDINGS.  Ceap.  1. 

Guttera. — Eave  or  valley  gutters  should  always  be  galvanized.  Valley  gutters  should  be 
No.  30  gage.  Eave  gutters  and  conductors  should  be  No.  33  gage.  Gutters  should  be  sloped  not 
less  than  1  in.  in  15  ft. 


Wrights 

OF  Eave  Gutters 

AND  Conductors  of  Galv.  Iron  or 

Steel. 

Span  of  Roof. 

Sl«  of  Giitur. 

Wl.  va  ft. 

=SS1,S" 

""■^.l;"- 

up  to    so' 

6",  No.  II 
7",  No.  it 
8",  No.  « 

1.8  lb. 

1.9  lb. 
1. 1  lb. 

4  in.  every  ^o^  0" 

5  in.  every  40'  o" 
S  in.  every  40   0 

l.S  lb, 

..;  lb. 
.,3  lb. 

Details  of  conductors  and  downspouts  are  given  in  F^.  3 


^•7 


N■f^ 


N^i 


Eave  snJ  Valley  Gutters 

usually  N"^0  orsame  0sge 

as  roofing- 

Slope  one  inch  in  Fifteen 

Feet- 

Order  in  S  feet  leng tits- 
Conductors  usu&fly  l/"^^ 

or  same  gage  as  siding- 


Fig.  31,    Details  of  Conductors  and  Downspouts.    Auerican  Bridge  Company. 


Type 

Area 

Drained 

5,-n. 

of 

Condvctors   \ 

Dism- 

Spaced 
Ft- 

MSi 

otaeoo 

mo  ti24M 

e" 

7' 
8 

4 
B 

40 
40 
40 

NSZ 
and 
NS3 

0  tiliOO 
2400t,M0l> 
HOOhllSOO 

4'ita' 

5 
6 

e 

40 
40 
40 

Puiiins. — Details  of 


for  purlins  used  for  a  corrugated  steel  roof  are  ^ven  in  Fig. 


Cornice. — For  details  of  cornice  sec  the  author's  "  The  Design  of  Steel  Mill  Buildings." 
ROOF   COVERINGS, —Mill  buildings  are  covered  with  corrugated  steel  supported  directly 
on  the  purlins;  by  slate,  tile  or  cement  tile  supported  by  sub-purlins;  or  by  corrugated  steel, 
slate,  tile,  cement  tile,  shingles,  gravel  or  other  composition  roof,  or  some  one  of  the  various  pat- 
ented roofings  supported  on  sheathing.    The  sheathing  is  commonly  made  of  a  single  thickness 
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PURLIN  DETAILS  FOR  CORRUGATED  STEEL  ROOF. 


I  Be&?7 purlins  over  7"deepareijsiislly  bolted  direct  to  raFter- 


'UtfllfA^ 


Zee  Bar  purlins  aver  5"  to  hsve  tlan^  pvnditd  iTr  cemKctlon  b  raFter 


4'i 


iflfr/li  It 

Mi    -    - 


Pur/ins  cr g/rl:s  should  extend  wl^rs  possiNe,  over  two  or  morv  bsys  with  pints 
stsgg^vd-  Wfxre  ^ffnsxt  as  struts,  us^  dip  with /wr  holes  ■ 

Where  purlins  3re  punched  fir  adding  strips,  ^>ace  holes  aiiouti'd" apart-  Bolt 
purffns  to  dips  and  clips  to  trusses  unless  othermse  ^>eciFfed- 


Fic  33.    Details  of  Publins  for  Corkucated  Steel  Roof.    American  Bridge  Coupany. 
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28  STEEL  ROOF  TRUSSES  AND  MILL  BUILDINGS.  Chap.  I. 

of  planks,  i  to  3  inches  thick.  The  planlca  are  Bometimes  laid  in  two  thicknesMS  with  a  layer  of 
lime  mortar  between  the  layers  as  a  protection  against  fire.  In  fireproof  buildings  the  sheathii^ 
is  commonly  made  of  reinforced  concrete.  Concrete  elabs  are  sometimes  used  for  a  roof  covering, 
being  in  that  case  supported  directly  by  the  purlins,  and  sometimes  as  a  sheathii^  for  a  slate  or 

The  roofs  of  smelters,  foundries,  steel  mills,  mine  structures  and  similar  structures  are  com- 
monly covered  with  corrugated  steel.  Where  the  buildings  are  to  be  heated  or  where  a  more 
substantial  roof  covering  is  desired  slate,  tile,  tin  or  a  good  grade  of  composition  roofing  is  used, 
or  the  roof  is  made  of  reinforced  concrete.  For  very  cheap  and  for  temporary  roofs  a  cheap  com- 
position roo&ng  is  commonly  used.  The  fallowing  coverings  will  be  described  in  the  order  given; 
corrugated  steel,  slate,  tile,  tin,  and  tar  and  gravel.  A  slate  roof  on  reinforced  concrete  sheath- 
i[}g  is  shown  in  Fig.  45  and  in  Fig.  46. 

CORRUGATED  STEEL  ROOFING.— Corrugated  steel  roofing  is  kid  on  plank  sheathing  or 
is  supported  directly  on  the  purlins.  Corrugated  steel  roofing  should  be  kept  well  painted  with  a 
good  paint.  Where  the  roofing  is  exposed  to  the  action  of  corrosive  gases  as  in  the  roof  of  a  smelter 
reducing  sulphur  ores,  ordinary  red  lead  or  iron  oxide  paint  is  practically  worthless  as  a  protective 
coating;  better  results  being  obtained  with  graphite  and  asphalt  paints.  Tar  paint,  made  by 
mixing  tar,  Portland  cement  and  kerosene  in  the  proportions  of  16  parts  of  tar,  4  parts  of  Portland  : 
cement,  and  3  parts  of  kerosene,  by  volume,  is  an  excellent  protection  against  corrosive  gases  in 
smelters  and  similar  structures.  Galvanized  corrugated  steel  is  quite  extensively  used.  To  pre- 
vent the  condensation  of  vapor  on  the  inside  of  the  metal  roof,  corrugated  steel  roofing  should 
be  laid  on  sheathing  or  should  have  anti-condensation  lining. 

Corrugated  steel  sheets  covered  with  an  asbestos  preparation  can  now  be  obtained  on  the 

Anti-Condensation  Lining.— Ant i -condensation  lining,  shown  in  Fig.  33,  consists  of  asbestos  | 
felt  supported  on  wire  netting  that  is  stretched  tight  and  supported  by  the  purlins.  Anti-con-  I 
densation  linii^  is  put  on  according  to  two  systems. 

Berlin  System,  (5)  Fig.  23.^(1)  Lay  galvanized  wire  netting.  No.  ig,  2-in.  mesh,  trans- 
versely to  the  purlins  with  edges  about  i  i  in.  apart  so  that  when  laced  together  with  No.  20  brass 
""~  the  netting  will  be  stretched  smooth  and  tight.     When  the  purlins  are  spaced  more  than  4  ft. 
T  stretch  No.  9  galvanized  wire  across  the  purlins  about  2  ft.  centers  to  hold  up  the  netting. 


apart  stretch  No.  9  galvanized  wire  across  the  purlins  about  2  ft.  centers  to  hold  up  the  netting. 
'-■   On  the  top    '  ■■        "  '  '  -      .      .  .  ,  .       _    1. 

K].  ft.,  and  o 


(2)  On  the  top  of  the  wire  netting  place  a  layer  of  asbestos  paper  weighing  14  lb.  per  squf 

......  ^y  jl^pg 


(3)  On  top  of  the  asbestos  paper  lay  two  thicknesses  of  Ncponset  building  paper. 

Note. — The  asbestos  and  building  paper  should  lap  3  in.  and  break  joints  13  in.  The  corru- 
gated steel  is  fastened  with  the  usual  eonncctiona.  Use  tin  washers  on  corrugated  steel  bolts 
where  there  is  danger  of  breaking  or  tearing  the  lining. 

Wire  netting,  No.  19  gage,  2-in.  mesh  comes  in  bundles  6  ft.  wide  and  150  ft.  long,  containing 
900  sq.  ft.  Asbestos  comes  in  rolls  36  in.  wide  and  is  sold  by  the  pound.  No.  20  brass  wire  is 
bought  by  the  pound,  272  lineal  ft.  weigh  one  pound-  Neponset  building  paper  comes  in  rolls 
36  in.  wide  and  250  ft.  or  500  ft.  long.  Do  not  cut  a  roll.  Add  10  per  cent  for  laps  of  asbestos 
and  building  paper. 

Minneapolis  System,  (6)  Fig.  23. — (i)  Lay  wire  netting.  No.  19,  z-in.  mesh,  transversely  to 
the  purlins,  with  edges  1  i  in.  apart,  so  that  when  laced  together  with  No.  20  brass  wire  the  netting 
will  be  stretched  smooth  and  tight. 

(a)  On  the  top  of  the  netting  lay  asbestos  paper  weighing  30  lb.  to  the  square  of  100  sq.  ft., 
allowing  3  in.  for  laps.  For  important  work  lay  one  or  two  thicknesses  of  building  paper  on  tc^ 
of  the  asbestos. 

{3)  L.ay  the  corrugated  steel  and  fasten  to  purlins  in  the  usual  manner. 

Note. — If  wood  purlins  are  used  the  wire  netting  may  be  fastened  to  the  nailing  strips  with 
J  in.  staples.  Where  the  purlins  arc  more  than  2  (t.  6  in.  centers  place  a  line  of  A  in.  bolts  between 
purlins,  about  2  ft.  centers,  with  washers  i  in.  X  4  in-  X  i  'n.  to  prevent  netting  from  taggiag. 

SLATE  ROOFING. — Roofing  slates  are  usually  made  from  i  to  }  inches  tbkk;  ^  inch 
being  a  very  common  thickness.  Slates  var>-  in  size  from  6  in.  X  12  in.  to  24  in.  X  44  in.  1  the 
sizes  varying  from  6  in.  X  12  in.  to  13  in.  X  18  in.  beii^  the  ir 
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ROOFING,  VENTILATORS,  AND  ANTI-CONDENSATION  LINING. 


Oim  Laytr  Shegthitrg /ia^. 


WCiecUlAR    ySHTILATOK 


(4)  Stack  Flashins 


HSl3  6alymre//att!ng, 
Z  'mtah,  lae*^  irith 
H!!20 Brass  Win- 
14  lb- Asbntes  Pep«r. 
6  Ib'Asbgstes  Paptr- 
Two  thiekntsats  eF 
Ntpenut  BIdj-  Pap^r- 
Corrvftta^  Stttl- 


mia  Galyaolied  Wire 
Matting,  I'mtih- 
iOlbAsb»»tea 
Pspar. 

Corriig^tJ  SItMUitg 
list  l'*4''i'' Clips 
Z'O  eeottrs,  midirty 
kttmtn  Purilaa- 


fS) ANTI-COHDlHSATim  ROOFIMS 

BenuH  System 


{6) AlfTI-COKIXKSATION  ROOFIKO 
MlHHlAPOUS  SrST£M 

Fig.  23.    Details  of  Roofing,  Ventilators  and  Anti-Condensation  Lining. 
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Chap.  1. 


SUtea  are  laid  like  shingles  aa  ^own  in  Hg.  23.  The  lap  moBt  comRtonly  used  is  3  inches; 
where  less  than  the  minimuni  pitch  uf  }  is  used  the  lap  should  be  increased.  The  number  of  slates 
of  different  sizes  required  for  one  square  of  100  sq.  ft.  of  roof  for  a  3-in.  lap  are  given  in  Table  11. 
The  weight  of  slates  of  the  various  lengths  and  thicknesses  required  for  one  squaic  of  roofing, 
using  a  3-in.  lap  ia  given  in  Table  III.  The  weight  of  slate  ia  about  174  lb.  percu.  ft.  The  weight 
of  slate  per  auperficial  sq.  ft.  for  different  thicknesses  is  given  in  Table  IV. 

TABLE  II. 
NuMBHK  OF  Roofing  Slates  Required  to  Lay  One  Square  of  Roof  with  3-Ik.  Lap. 


StetolBche.. 

No.  of  SUkte  in 

Sl»  In  iDclH*. 

No.  of  Stete  In 
Squ«.. 

Sttclnlncba. 

No.  of  Slate  in 
Square. 

6X" 
7X13 
8X" 
9X1* 

S33 
457 
+00 
3SS 

8X  16 
9X  16 
10X16 

12X16 

277 
246 

184 

11  X20 
14X20 

11  X2I 

12  X« 

141 

137 
116 

10  X  It 
12  X  11 
7  X  14 
8X14 

JIO 

366 

374 
317 

9X  18 
10X18 
II  X  18 
izXifS 

»i3 
192 

14X22 
12X14 
14X24 

I2X24 

loB 

1 

9X14 
10X14 
UX14 

191 
261 
218 

14  X  18 
10  Xm 
iiXio 

1? 

IS4 

14X26 
16X26 

^ 

TABLE  II!. 
The  Weight  of  Slate  Required  for  One  Square  of  Roof. 


IX' 

Wdght  In  pounda.  pei  sq 

lare.  for  th*  thiclniMS. 

i" 

A" 

i" 

I" 

i" 

f" 

i" 

I" 

u 
16 
18 

24 
26 

2 

MS 
434 

IS 

412 

407 

724 

688 
667 
6so     . 

967 
'41 

1450 

1370 
1J36 
1303 

1276 

I2S4 

1238 

1784 

1740 

1704 

167s 

1653 

i6ji 

2419 

2J01 
2229 
2174 

2129 

2039 

2902 
1760 
2670 
2607 

gii 

2478 
144s 

3872 
3683 

3S67 
3480 

3408 
33SO 
3306 
3263 

TABLE  IV. 
F  Slate  Per  Square  Foot. 


Thickness— in 

Weight— lb 

i 

1.81 

2.71 

i 

3.62 

5-43 

i 

7-2S 

,.i« 

i 

io.«7 

■45 

The  minimum  pitch  recommended  for  a  slate  roof  is  1;  but  even  with  steeper  slopes  the  rain 
and  snow  may  be  driven  under  the  edges  of  the  slates  by  the  wind.  This  can  be  prevented  by 
laying  the  slates  in  slater's  cement.  Cemented  joints  should  always  be  used  around  eaves,  ridges 
and  chimneys. 

Slates  are  commonly  laid  on  plank  sheathing.  The  sheathing  should  be  strong  enough  to 
prevent  deflections  that  will  break  the  slate,  and  should  be  tongued  or  grooved,  or  shipiapped,  and 
dressed  on  the  upper  surface.  Concrete  sheathing  reinforced  with  wire  mesh,  expanded  metal 
or  rods  is  now  being  used  quite  extensively  for  slate  and  tile  roofs,  and  makes  a  fireproof  roof,  see 
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ROOFS  FOR  MILL  DUILDINGS.  31 

Fig.  46.  Tar  roofing  felt  laid  between  the  slates  and  the  sheathing  assists  materially  in  making 
the  roof  waterproof,  and  prevents  breakage  when  the  roof  is  walked  on.  The  use  of  rubber-soled 
shoes  by  the  workmen  will  materially  reduce  the  breakage  caused  by  walldiig  on  the  roof.  Roof- 
ing dates  may  also  be  supported  directly  on  sub-purlins.  The  details  of  this  method  are  practically 
the  same  as  for  tile  roofing,  which  see. 

When  roofing  slates  are  laid  on  sheathing  tbey  are  fastened  by  two  nails,  one  in  each  upper 
corner,  F^.  33.  When  supported  directly  on  sub-purlins  the  elates  are  fastened  by  copper  or 
composition  wire.  Galvanized  and  tinned  steel  nails,  copper,  composition  and  line  slate  rooting 
nails  are  used.  Where  the  roof  is  to  be  exposed  to  corrosive  gases  copper,  composition  or  line 
nails  sbouM  be  used. 

TILE  ROOnnG. — Baked  clay  or  terra-cotta  roofing  tiles  are  made  in  many  forms  and 
sizes.  Plain  roofing  tiles  are  usually  loj  in.  long,  6}  in.  wide  and  f  in.  thick;  weigh  from  3  to 
3)  lb.  each  and  lay  one-half  to  the  weather.  There  are  many  other  forms  of  tile  among  which 
book  tile,  Spanish  tile,  pan  tile  and  Ludowici  tile  are  well  known.  Tiles  are  also  made  of  glass 
and  are  used  in  the  place  of  skylights. 

Tiles  may  be  laid  (i)  on  plank  sheathing,  (2)  on  reinforced  concrete  sheathing,  or  {3)  may  be 
supported  directly  on  angle  sub-purlins  as  shown  in  Fig.  13.  Tiles  are  laid  on  sheathing  in  the 
same  manner  as  slates. 

■  The  roof  shown  in  Fig.  13  was  constructed  as  follows:  Terra-cotta  tiles,  manufactured  by 
che  Ludomci  Roofing  Tile  Co.,  Chicago,  III.,  were  laid  directly  on  the  angle  sub-puriina,  every 
fourth  tile  being  secured  to  the  angle  sub-purlins  by  a  piece  of  copper  wire.  The  tiles  were  inter- 
locking, requiring  no  cement  except  in  exceptional  cases.  The  tiles  were  9  X  16  in.  in  size;  135 
being  sufficient  to  lay  a  square  of  JOO  sq.  ft.  of  roof.  These  tiles  weigh  from  750  to  800  lb.  per 
square,  and  cost  about  $6.00  per  square  at  the  factory.  Skylights  in  this  root  were  made  by 
substituting  glass  tiles  for  the  terra-cotta  tiles.  This  and  similar  tile  have  been  used  in  this  man- 
ner oa  a  large  number  of  mills  and  train  sheds  with  excellent  results. 

Tile  roofs  laid  without  sheathing  do  not  ordinarily  condense  the  steam  on  the  inner  surface 
of  the  roof  unless  the  tiles  are  glazed,  although  several  cases  have  been  brought  to  the  author's 
attention  where  the  condensation  has  caused  trouble  with  tile  roofs  made  of  porous  tiles.  Anti- 
condensation  roof  lining  should  be  used  where  there  is  danger  of  excessive  sweating,  or  a  porous 
tile  should  be  used  that  is  known  to  be  non-sweating. 

TIH  ROOFING.— Two  sizes  of  tin  plates  arc  in  common  use,  [4  in.  X  30  in.  and  20  in.  X  38 
in.,  the  latter  dze  being  most  used.  Tin  sheets  are  made  in  several  thicknesses,  the  IC,  or  No.  29 
gage  weighii^  8  ounces  to  the  sq.  ft.,  and  the  IX,  or  No.  27  gage  weighing  to  ounces  to  the  sq.  ft., 
beic^  the  most  used.  The  standard  weight  of  a  box  of  112  sheets,  14  X  20  size  is  108  lb.  for  IC 
(^te,  and  136  lb.  for  IX  plate.  Boxes  containing  imperfect  sheets  or  "  wasters  "  are  marked 
ICW  or  IXW.  Every  sheet  should  be  stamped  with  the  name  of  the  brand  and  the  thickness. 
The  value  of  tin  roofii^  depends  upon  the  amount  of  tin  used  in  coating  and  the  uniformity  with 
which  the  iron  has  been  coated.  The  amount  of  tin  used  varies  from  8  to  47  lb.  for  a  box  of  20  X  z8 
size  containing  ii3  sheets. 

Tin  roofing  is  laid  (1)  with  a  fiat  seam,  or  (2)  with  a  standii^  seam.  In  the  former  method 
the  sheets  of  tin  are  locked  into  each  other  at  the  edges,  the  seam  is  flattened  and  fastened  with 
tin  cleats  or  is  nailed  firmly  and  is  soldered  water  tight.  Rosin  is  the  best  flux  for  soldering,  al- 
though some  tinners  recommend  the  use  of  diluted  chloride  of  zinc.  For  flat  roofs  the  tin  should 
be  locked  and  soldered  at  all  joints,  and  should  be  secured  by  tin  cleats  and  not  by  nails.  For 
steep  roofs  the  tin  is  commonly  put  on  with  standing  seams,  not  soldered,  running  with  the  pitch 
of  the  roof,  and  with  cross-seams  double  locked  and  soldered.  One  or  two  layers  of  tar  paper 
should  be  placed  between  the  sheathing  and  the  tin. 

The  under  aide  of  the  sheets  should  be  painted  before  laying.  Tin  roofs  should  be  painted 
e^-ery  two  or  three  years.     If  kept  well  painted  a  tin  roof  should  last  25  to  30  years. 

For  flat  aeam  roofing,  using  j  in.  locks,  a  box  of  14  X  20  tin  will  cover  192  sq.  ft.,  and  for 
Etandiog  ieam,  unng  |  in.  locks  and  turnii^  1}  and  ij  in.  edges,  making  1  in.  standing  seams, 
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it  will  lay  i68  aq.  ft.  For  flat  ae&m  roofii^[,  uiii^  i  in.  locks,  a  box  of  20  X  38  tin  will  lay  about 
399  gq.  ft.,  and  for  standing  seam,  udng  {  in.  locks  and  tumii^  li  and  il  in.  edges,  making  I  in. 
standing  aeams,  it  will  lay  about  365  sq.  ft. 

TAR  AND  GRAVEL  ROOF. — Tar  and  gravel  roofs  are  called  three-,  four-,  five-pty,  etc, 
dependii^  upon  the  number  of  layers  oi  roofing  felt.  Tar  and  gravel  roofs  may  be  laid  upon  timber 
sheathing  or  upon  concrete  slabs.  For  details  of  a  tar  and  gravel  roof  see  Fig.  23.  The  f<Jlowing 
specifications  ai«  taken  from  the  author's  "  Specifications  for  Steel  Frame  Buildings." 

idftcations  for  Hve-Ply  Tar  and  Oravel  Boof  on  Tbnber  Sheatfalns. — The  materials  used 
ng  the  roof  are  I  (one)  thickness  of  sheathing  paper  or  unsaturated  felt,  5  (five)  thick- 
nesses of  saturated  felt  weighing  not  less  than  15  (fifteen)  lb.  per  square  of  one  hundred  (100) 
sq.  ft.,  single  thickness,  and  not  less  than  one  hundred  and  twenty  (i3o)  lb.  of  pitch,  and  not 
less  than  four  hundred  (400)  lb.  of  gravel  or  three  hundred  {300)  lb.  of  slag  from  1  to  ]  in.  in  size, 
free  from  dirt,  per  square  of  one  hundred  (100)  sq.  ft.  of  completed  roof. 

The  roaterial  shall  be  applied  as  follows:  First,  lay  the  sheathing  or  unsaturated  felt,  lapping 
each  sheet  one  in.  over  the  preceding  one.  Second,  lay  two  (2)  thicknesses  of  tarred  felt,  lapping 
each  sheet  seventeen  (17)  in.  over  the  preccdii^  one,  nailiiw  as  often  as  may  be  necessary  to 
hold  the  sheets  in  place  until  the  remaining  felt  is  applied.  Third,  coat  the  entire  surface  of  this 
two-ply  layer  with  hot  pitch,  mopping  on  uniformly.  Fourth,  apply  three  (3)  thicknesses  of  felt, 
lapping  each  sheet  twenty-two  (aa)  in.  over  the  preceding  one,  mopping  with  hot  pitch  the  full 
width  of  the  22  in.  between  the  plies,  so  that  in  no  case  shall  felt  touch  felt.  Such  nailing  as  is 
necessary  shall  be  done  so  that  all  nails  will  be  covered  by  not  less  than  two  plies  of  felt;  fifth, 
spread  over  the  entire  surface  of  the  roof  a  uniform  coating  of  pitch,  into  which,  while  hot,  imbed 
the  gravel  or  slag.     The  gravel  or  slag  in  all  cases  must  be  dry. 

SMclflcationB  for  Five-Ply  Tar  and  Gravel  Roof  on  Concrete  ai««thlng. — The  materials 
used  shall  be  the  same  as  for  tar  and  gravel  roof  on  timber  sheathing,  except  that  the  one  thick- 
ness of  sheathing  paper  or  unsaturated  felt  may  be  omitted. 

The  materials  shall  be  applied  as  follows:  First,  coat  the  concrete  with  hot  pitch,  mopped 
on  uniformly.  Second,  lay  two  (i)  thicknesses  of  tarred  felt,  lapping  each  sheet  seventeen  (17) 
In.  over  the  preceding  one,  and  mop  with  hot  pitch  the  full  width  of  the  17-in.  lap,  so  that  in  no 
case  shall  felt  touch  felt.  Third,  coat  the  entire  surface  with  hot  pitch,  mopped  on  uniformly. 
Fourth,  lay  three  (3)  thicknesses  of  felt,  lapping  each  sheet  twenty-two  (22)  in.  over  the  preceding 
one,  mopping  with  hot  pitch  the  full  width  of  the  22.in.  lap  between  the  plies,  so  that  in  no  case 
shall  felt  touch  felt.  Fifth,  spread  the  entire  surface  of  the  roof  with  a  uniform  coat  of  pitch,- 
into  which,  while  hot,  imbed  gravel  or  slag. 

Coflt  of  FiTB-Ply  Tkr  and  Oitvel  Roofing.*— The  cost  of  a  round  house  roof  in  the  middle 
west,  based  on  1912  prices  and  containing  500  squares  of  five-ply  tar  and  gravel  roofing,  was  as 
follows. 

Cost  per  square  of  loo  eq.  ft.  not  including  fixed  charges  or  profit,  not  including  sheathing. 

Sheathing  paper,  5  lb $0.12 

Pitch,  155  lb.  at  60  cents  per  100  lb. 0.93 

Felt,  85  lb.  at  $t,65  per  1 00  lb 1.40 

Nails  and  caps ao5 

Cleats  for  flashing O.05 

Gravel  (about  one-seventh  yard) 23 

Labor,  including  hauling,  board  and  railroad  fare 1.15 

Total  cost  per  square $3-93 

SHOP  FLOORS. — Floors  for  industrial  plants  may  be  placed  on  a  foundation  resting  directly 
on  the  ground  or  may  be  self  supporting.  Several  examples  of  shop  floors  that  rest  on  the  ground 
are  shown  in  Fig.  25.  Standard  specifications  tor  a  cement  floor  and  for  a  wood  floor  on  a  tar 
concrete  base  follow. 

The  following  specifications  are  from  the  author's  "  Specifications  for  Steel  Frame  Buildings." 

SpedflcatlonB  for  Cement  Hoor  on  ■  Concrete  Base.  Materials. — ^The  cement  used  shall 
be  first-class  Portland  cement,  and  shall  pass  the  standards  of  the  American  Society  tor  Testing 
Materials.  The  sand  for  the  top  finish  shall  be  clean  and  sharp  and  shall  be  retained  on  a  No.  30 
sieve  and  shall  have  passed  the  No.  30  neve.     Broken  stone  lor  the  top  finish  shall  pass  a  i  in. 
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screen  and  diall  be  retaioed  on  the  No.  ao  screen.  Dust  shall  be  excluded.  The  mnd  for  the 
base  shall  be  clean  and  sharp.  The  aggregate  (or  the  base  shall  be  of  broken  stone  or  gravel  and 
shall  pass  a  3  in.  ring. 

Base. — On  a  thoroughly  tamped  and  compacted  aubgiade  the  concrete  for  the  base  shall  be 
laid  and  thoroughly  tamped.  The  base  shall  not  be  less  than  2}  in.  thick.  Concrete  for  the 
baae  shall  be  thoroughly  mixed  with  sufficient  water  so  that  some  tamping  is  reauired  to  bring 
.1.      .__■_ —  ^_  -1 —      ir  _ij .-  jj  yggj  fuj,  ijjg  jjg^  jljg  surface  shall  be  roughened 
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Fig.  35.    Examples  of  Ground  Shop  Floors. 

and  thoroughly  cleaned  so  that  the  new  mortar  will  adhere.  The  roughened  surface  of  old  con- 
crete shall  then  be  thoroughly  wet  so  that  the  base  will  not  draw  water  from  the  finish  when  the 
latter  is  applied.     Before  scrubbing  the  base  with  grout  the  excess  water  shall  be  removed. 

Kniah-^With  old  concrete  the  surface  of  the  base  shall  first  be  scrubbed  with  a  thin  grout 
of  pure  cement,  rubbed  in  with  a  broom.  On  top  of  this,  before  the  thin  coat  is  set,  a  coat  of 
finish  mixed  in  the  proportions  of  one  part  Portland  cement,  one  part  stone  broken  to  pass  a  \  in. 
ring,  and  one  part  sand  shall  be  troweled  on  using  as  much  pressure  as  possible,  so  that  it  will 
take  a  firm  bond.  After  the  finish  has  been  applied  to  the  desired  thickness  it  should  be  screcded 
and  floated  to  a  true  surface.     Between  the  time  of  initial  and  final  set  it  shall  be  finished  by 
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skilled  workmen  with  steel  troweb  and  shall  be  worked  to  a  final  surface.  Under  no  condition 
shall  a  dryer  be  used,  nor  shall  water  be  added  to  make  the  material  work  eaaily. 

SpedflcatioDS  for  Wood  Floor  on  a  Tar  Concrete  Base.  Floor  Sleepera. — Sleepers  (or 
carrying  the  timber  floor  shall  be  3  in.  X  3  in-  placed  iS  in.  c.  to  c.  After  the  subgtade  has  been 
thoroughly  tamped  and  rolled  to  an  elevation  of  4.}  in.  below  the  tops  of  the  deepers,  the  sleeperx 
■hall  be  placed  in  position  and  supported  on  stakes  driven  in  the  subgrade.  Before  depositing 
the  tar  concrete  the  sleepers  must  be  brought  to  a  true  level. 

Tar  Concrete  Base. — The  tar  concrete  base  shall  be  not  leaa  than  4I  in.  thick  and  shall  be 
laid  as  follows:  First,  a  layer  three  (3)  in.  thick  of  coarse,  screened  gravel  thoroughly  mixed  with 
tar,  and  tamped  to  a  hard  level  surface.  Second,  on  this  bed  spread  a  top  dresainfi;  i}  in.  thick 
of  sand  heated  and  thoroughly  mixed  with  coal  tar  pitch,  in  the  proportions  of  one  (1]  part  pitch 
to  three  (3)  parts  tar.  The  gravel,  sand  and  tar  shall  be  heated  to  from  aoo  to  300  degrees  F., 
and  shall  be  thoroughly  mixed  and  carefully  tamped  into  place. 

nank  Sub-Floor. — The  floor  plank  shall  be  of  sound  hemlock  or  pine  not  less  than  3  in. 
thick,  planed  on  one  side  and  one  edge  to  an  even  thickness  and  width.  The  floor  plank  is  to  be 
toe-naned  with  4  in.  wire  nails. 

Finished  Flooiing. — The  finished  flooring  is  to  be  of  maple  of  clear  stock,  ]  in.  finished  thiclc- 
nesa,  thoroughly  air  and  kiln  dried  and  not  over  4  in.  wide.  The  floorihg  is  to  1^  planed  to  an  even 
thickness,  the  edges  jointed,  and  the  underside  channeled  or  ploughed.  The  finbhed  floor  is  to 
be  laid  at  right  angles  to  the  sub-floor,  and  each  board  neatly  fitted  at  the  ends,  breaking  joints 
at  random.  The  floor  is  to  be  final  nailed  with  10  d.  or  3  in.  wire  nails,  nailed  in  diagonal  rows 
16  in.  apart  across  the  boards,  with  two  (2)  nails  in  each  row  in  every  board.  The  floor  to  be 
finished  off  perfectly  smooth  on  completion. 

The  finished  flooring  is  not  to  be  taken  into  the  building  or  laid  until  the  tar  concrete  base 
and  sub-plank  floor  are  thoroughly  dried. 


(i)  ByCKiyE" FliilPftO<^  FLOosim 
Fig.  36.     Examples  o 


g}HuLTiPt£X  Steel  Plate  Floor 
Shop  Floors  Above  Ground. 


Shop  floors  above  ground  may  be  made  of  timber  resting  o 
n,  (a)  Fig.  36,  of  concrete  with  comigated  steel  arch  centers  a 


beams,  of  brick  arch  construe- 
shown  in  (6),  of  rdnforced  con- 
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Crete  as  shown  in  (c)  and  (it),  of  iteel  filled  with  concrete  as  shown  in  («),  (J),  {g),  (.h),  or  of 
concrete  reinforced  with  Buckeye  flooring  aa  shown  in  (»)  or  Multiplex  flooring  as  shown  in  (j), 

Tiaib«r  Fbran. — The  Yellow  Pine  Manutacturers  Association  ha«  calculated  the  sate 
span  of  yellow  pine  when  used  for  mill  floors  with  fiber  Btresses  of  i,3O0  to  i,Soo  lb.  per  sq.  in. 
for  live  loads  of  loo  to  300  lb.  per  sq.  ft.  in  addition  to  the  weight  of  the  floor,  Table  V.  In  the 
line  marlced  "  Deflection  "  is  given  the  span  which  haa  a  maximum  deflection  of  one  thirtieth  of 
an  inch  per  foot  of  span  for  the  various  live  loads.  The  modulus  of  elasticity  of  timber  was  taken 
as  1,684,800  lb.  per  sq.  in.  The  table  may  be  used  for  any  kind  of  timber  by  using  the  proper 
worldng  stress.  The  maximum  spans  for  fiber  stresses  less  than  I,3oa  lb.  per  sq.  in.  may  be  found 
as  follows:  Required  the  maximum  safe  span  for  a  timber  floor  2|  in.  thick  for  a  fiber  stress  of 
800  lb,  per  sq.  in.  and  a  live  load  of  150  lb.  per  sq.  ft.  The  span  is  approximately  the  same  as  for 
a  fiber  stress  of  i.aoo  lb.  per  sq.  in.  and  a  live  load  of  325  lb.  per  sq.  ft,  =  6  ft.  il  in.;  or  for  a 
fiber  atitss  of  1,600  lb,  per  sq.  in.  and  a  live  load  of  300  lb.  per  aq.  ft.,  =  6  ft,  II  in. 

TABLE  V. 

Allowable  Span  for  Tiuber  Floors. 

Yellow  Pinb  Manufacturers  Association, 


._ 
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idge  floors  in  Chapter  tV, 
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WINDOWS  AND  SET  LIGHTS.— Mill  and  mine  buildings  should  have  an  ample  amount 
of  glazing  in  the  form  of  windows  and  sky  lights.  Plane  glass  is  made  in  two  thicknesses,  single 
strength  approximately  ^  in.  thick,  and  double   strength   approximatley  t  in.    thick.      Plane 
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Data  for  Double  Hung  Weighted  Windows. 
American  Bridge  Coufany. 


glass  is  graded  as  AA,  A,  and  B.  The  AA  grade  being  the  best  and  the  B  grade  the  poorest. 
Wire  glass  is  -fg  in.  or  i  in.  thick  and  may  be  obtained  with  a  smooth  surface,  with  factory  nbs 
or  prisms.  For  ordinary  windows  double  strength  glass  gives  very  satisfactory  result:  ~~ 
sky  lights  and  where  windows  are  liable  t     "      '      " 


be  broken,  wire  glass  should  be  used.      The  best      | 
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Fig.  31.     Data  foe  Pivoted  Wini>ows.    American  Bridge  Company. 
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FIXED  SASH  WITH   MONITORS. 
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glass  for  glaziitg  windows  in  industrial  plants  is  "  factory  ribbed  glass  "  with  twenty-one  ribs  to 
the  inch,  the  ribs  being  placed  on  the  inside  of  the  window.  This  glass  is  conuderably  more  ex- 
pen^ve  than  plane  glass  but  is  much  more  satisfactory. 

Translucent  fabric  made  by  imbedding  wire  cloth  in  a  translucent  material  made  of  linseed 
oil,  is  also  used  for  glazing  in  industrial  buildings.  Translucent  fabric  will  be-charred  by  a  live 
coal  but  is  practically  fire-proof.  It  shuts  off  part  of  the  light,  making  it  possible  for  men  to  work 
under  it  without  shadii^- 


i  "Zy  Lsg  Screw. 
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Fig.  32. 


Hete  ■  Ifsssh  are  fixed  coni/m/e  stops  a// 
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The  amount  of  glazed  surface  required  in  mill  buildings  depends  upon  the  use  to  which  the 
building  is  put,  the  material  used  in  grazing,  the  location  and  the  angle  of  the  windows  and  sky 
lights,  and  the  clearness  of  the  atmosphere.  It  is  common  to  specify  that  not  less  than  10  per 
ccat  of  the  exterior  surface  of  mill  buildings  and  25  per  cent  of  the  exterior  surface  of  machine 
sliops  should  be  glazed.  Many  industrial  plants  have  as  much  as  60  per  cent  of  the  exterior 
walls  of  glass.  ^ 
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Fig.  33-     Data  fob  Continuous  Fixed  Sash. 
Ahekican  Budge  Company. 
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Details  of  glazed  sash  and  window  fratnee  as  adopted  by  the  American  Bridge  Company 
are  given  in  Fig,  a?  to  Fig.  34, 

VBHTILATORS.— MiU  buildings  may  be  ventilated  by  means  of  monitor  ventilators,  or  by 
means  of  circular  ventilators.  Details  of  a  circular  ventilator  as  designed  by  the  American  Bridge 
Company  are  shown  in  (3)  Fig.  33.  Details  of  a  standard  monitor  steel  louvre  ventilator  are 
shown  in  Fig.  35.  The  sides  of  the  monitor  ventilator  in  Fig.  43  were  fitted  with  louvres  which 
were  to  be  closed  in  cold  weather.  Buildings  of  this  type  should  have  glazed  sash  so  that  when 
the  ventilators  are  cloeed  the  light  will  not  be  cut  off.  Data  for  estimating  louvre  slats  are  given 
inF«.  lO. 
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WOODEN  DOORS. — Wooden  doors  are  usually  constructed  of  matched  pine  sheathing 
nailed  to  a  wooden  frame  as  shown  in  Fig.  36.  These  doors  are  made  of  white  pine.  Doors  up 
to  fottr  feet  in  width  should  be  swung  on  hii^^;  wider  doors  should  be  made  to  slide  on  an  over- 
bead  track  or  should  be  counter-balanced  and  raise  vertically.  Sliding  doors  should  be  at  least 
4  in.  wider  and  2  in.  higher  than  the  clear  opening. 
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(Loavres'S      ^''^'^  Sheets  //"ff/'t/e  sn^si/otv  ^  "sne/  lap .  \ 

,-.-■-.  Punch  ji  holes  in  steel  work^  and  bill 

(^  /  diameter  "  /  loa^  round  keatf  stov*  tc/ia- 

Fig.  35.     Details  of  a  Steel  Monitor  Louvre  Ventilator. 
American  Bridge  Company. 

"  Sandwich  "  doors  are  made  by  covering  a  wooden  frame  with  Aat  or  corrugated  steel. 
The  wooden  framework  of  these  doors  is  commonly  made  of  two  or  more  thicknesses  of  {  in. 
dressed  and  matched  white  pine  sheathing  not  over  4  in.  wide,  laid  diagonally  and  nailed  with 
clinch  nails.     Care  must  be  used  in  handling  sandwich  doors  made  as  above  or  they  will  warp   1 
out  of  shape.     Corrugated  steel  with  ij  in.  corrugations  makes  the  neatest  covering  for  sandwich   | 

For  awing  doors  use  hinges  about  as  follows:  For  doors  3  ft.  X  6  ft.  or  less  use  10  in.  strap  or  : 
10  in.  T-hinges;  for  doors  3  ft.  X  6  ft.  to  3  ft.  X  8  ft.  use  16  in.  strap  or  16  in.  T-hinges;  for  doors  | 
3  ft.  X  8  ft.  to  4  ft.  X  10  ft.  use  24  in.  strap  hinges. 

STEEL  DOORS.— Details  of  a  steel  sliding  door  are  shown  in  Fig.  37.     Details  of  a  swing-   1 
ing  steel  door  are  shown  in  Fig.  38.    Steel  doors  should  be  covered  with  corrugated  steel,  prefer- 
ably with  iJ  in.  corrugations. 

Details  of  the  track  for  a  sliding  door  are  shown  in  Fig.  39. 

EXAMPLES  OF  STEEL  MILL  BUILDINGS.— The  following  examples  will  illustrate  thi.  1 
practice  in  the  design  of  steel  mill  buildings.  ] 

Example  of  Ketchum's  Modified  Ssw  Tooth  Roof.— The  modiSed  form  of  saw  tooth 
root  shown  in  (n)  Fig,  6,  was  proposed  by  the  author  in  the  first  edition  of  "  The  Design 
of  Steel  Mill  Buildings  "  (1903)-  This  form  of  saw  tooth  roof  has  been  used  -in  the  paint 
shops  of  the  Plank  Road  Shops  of  the  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J.  | 
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WOODEN   DOORS. 
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Fig.  36.     Details  of  Wooden  Doors.    American  Bridge  Coufany. 
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The  building  proper  is  135  ft.  wide  by  354  ft.  long.  The  main  trussee  are  of  the  modified  san 
tooth  type  with  44  ft.  spans  and  a  rise  oi  i,  and  are  spaced  t6  ft.  centers.  The  general  details  dF  , 
one  of  the  main  trusses  are  shown  in  Fig.  40.    The  building  has  an  independent  steel  framing  with 
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Track 


Cort'  Shetbing  to  be  fasttntd  to  /$  angle  Frame  top  and  tottom' 


Combated  Steel  to  be  of  same  ga^  as  eidiiTf- 

/f/yets  on  fnside  frame,  f/°S  wire-    ffo!es  for  fastenir^  ins/de  to  outside 
frame  for  N-5  tvi're- 

Rivets  Off  eatside  fraffH  j  iffch-  Inside  frame  to  be  shipped  bo/ted  in  place- 
/f  desired  tP  cheapen  eMstn/ethff  if  deer,  Mrit  side  and  center  e/yles  of  inside  frame' 
Fig.  37.    Details  of  a  Aiding  Stbkl  Door.    Aubeican  Bridge  Coupaky.  { 

brick  curtain  walls  on  the  exterior.  Pilasters  34  in.  by  20  in.  are  placed  16  ft.  apart  under  the  ends 
of  the  trusses,  the  intermediate  curtain  walla  being  12  in.  thick.  The  roof  is  a  5  ply  slag  roof  laid 
on  tongued  and  ^ooved  spruce  sheathing,  which  ia  apilced  to  2  in.  X  S  in.  spiking  strips,  which  are 
bolted  to  8  in.  channel  purlins  spaced  6  ft.  centers. 
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STEEL  SWINGING  DOOR. 


Corrugated  Steel  to  be  same  gage  as  siding- 
Rivets  oa  inside  frame,  N^S  wire  •  //fifes  for  fastening  ins/de  frame  to 
outer  frame  J  N°S  mre  • 
/fffwts  en  gi/ter  frame  §  "diameter-  inside  frame  te  he  shipped  boitedin  p/ace  • 
Corrugated  Sbee/  to  ke  riveted  in  f/eA/to  top  sndkottam  angies  of  inside  frame- 
If  desired  to  clieapen  eoostrtiction  of  door,  omit  aide  and  center  angies  of insidt  frame' 

Fig.  38.    Details  of  a  Swinging  Stbbl  Door.    Auerican  Bruwe  Coupahv. 
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Fig.  39.     Details 
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Fio,  40.     Modified  Saw  Tooth  Roof,  Paint  Shop,  Public  Service  Corporation, 
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A  Steel  Ttuuformer  Building. — The  framework  of  a  steel  frame  transformer  building  is  shown 
in  Fig.  41  and  Fig.  43.  The  CnisseB  are  Fink  trusses  with  the  members  made  of  angles  placed 
back  to  back.     The  main  columns  carrying  the  roof  trusses  are  made  of  four  angles  laced,  the 
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Fig.  41.     Plans  of  a  Tkansforuer  Buu-ding. 

section  being  I-shaped,  each  flange  being  composed  of  two  angles  placed  back  to  back  with  the 
long  legs  outstanding,  and  the  web  consisting  of  lacing.  The  columns  in  the  end  of  the  building 
are  made  of  9  in.  I-beams.     The  main  purlins  are  made  of  5  in.  channels  %  6)  lb.,  while  the  girts 
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ENB  ELEmTIOH 
Fig.  43.    Plans  of  a  Transformeb  Building. 

are  4  in.  channels  @  5^  lb.  The  purlins  are  spaced  less  than  4  ft.  9  in.,  which  is  a  maximum  spac- 
ing where  corrugated  steel  roofing  is  used  without  sheathing.  The  steel  framework  is  braced  in 
the  plane  of  the  top  chord  and  the  sides  and  ends  of  the  building  by  means  of  diagonal  rods  }  in. 
in  diameter.  The  crane  girder  beams  in  the  plane  of  the  lower  chord  brace  the  building  longi- 
tudinally, the  diagonal  bracing  being  composed  of  angles. 
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End  Elevation 


Side  Elevation 

Fig.  43.     CoRSUGATED  Steel  Plans  for  Transformer  Building. 

ComigaUd  Steel  Covering, — The  plane  for  the  corrugated  ateel  covering  on  the  roof  and  wdes 
are  shown  in  Fig.  43  and  Fig.  44.  The  corrugated  steel  for  the  roof  is  No.  aa  gage  steel  with  ai 
in.  corrugations,  while  the  corrugated  at ee!  (orthesidesisNo.  34  gage  steel  with  3}  in.  comigations. 
The  flashing  and  ridge  roll  are  made  of  No.  aa  flat  sheet  steel,  -,  . 
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MeTHOO  OF  Fastenins 
Steel  ahd  Limns  on  Roof 


.  Methoo  of  Fastenius 
Steel  on  tneSwes 


*VJ^"""^  Eave  Cornice 

Finish  at  Corner  Detail  of  Louvrbs 

Fig.  44.    Corrugated  Steel  List  and  Details  fok  Transforuek  Building. 
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To  prevent  the  condensation  of  moiMure  on  the  inside  at  the  steel  roof  and  the  resulting 
dripiMi^,  anti-condenaation  linii^  was  used,  as  is  shown  in  Fig.  44.  This  Unins  was  constructed  as 
follows:  Galvanizedwirepoultry  netting  was  fastened  to  one  eave  purlin,  was  passed  over  the  ridge, 
stretched  tight  and  fastened  to  the  other  eave  purlin.  The  edges  of  the  wire  were  woven  together 
by  mean*  of  wire  clips.  On  the  wire  netting  was  laid  two  layers  of  asbestos  paper  A  in.  thick, 
and  on  top  of  the  asbestos  was  laid  two  layers  of  tar  paper.  The  corrugated  steel  was  then  laid  on 
top  of  the  roof  in  the  usual  way  and  was  fastened  to  the  purlins  by  means  of  long  soft  iron  wire 
nails  placed  aa  shown  in  Fig.  44.  To  prevent  the  lining  from  sagging  stove  bolts  A  in.  in  diam- 
eter with  I  in.  X  i  in.  X  4  in.  flat  washers  on  the  lower  side  were  placed  between  the  purlins. 
The  author  would  recommend  that  the  puiiina  be  spaced  not  to  exceed  2  ft.  6  in.  and  the  stove 
bolts  omitted. 


Fig.  45.    Stehl  Fkave  Building  with  Plaster  Walls, 

Sted  Frame  Bulldtng  wldi  Plaatef  Walls. — The  steel  frame  building  shown  in  Fig.  45  was 
covered  with  expanded  metal  and  plaster  walls  and  roof  constructed  as  follows:  The  side  walls 
were  nude  by  fastening  ]  in.  channels  at  la  in.  centers  to  the  steel  framework  and  then  covering 
this  framework  with  expanded  metal  wired  on.  The  expanded  metal  was  then  covered  onthe 
outdde  with  a  coating  of  cement  mortar  composed  of  one  part  Portland  cement  and  two  parts 
sand,  and  on  the  inside  with  a  gypsum  plaster,  making  the  walls  about  3  in.  thick.  The  roof  con- 
sists of  a  3}  in.  concrete  slab  reinforced  with  expanded  metal,  this  slab  being  covered  with  10  in.  X 
la  in.  slate  nailed  directly  to  the  concrete- 
Steam  Engineering  Building. — Details  of  a  transverse  bent  of  the  steam  er^[ineenng  building 
at  the  Brooklyn  Navy  Yard  are  given  in  Fig.  46. 

The  main  columns  are  spaced  48  ft.  centers  while  the  main  trusses  are  spaced  16  ft.  centers. 
The  intermediate  trusses  are  carried  on  heavy  trusses  rigidly  fastened  to  the  main  columns.  The 
crane  girders  are  carried  on  crane  columns  that  are  fastened  to  the  main  columns  by  light  tadng. 
This  method  of  supporting  heavy  crane  girders  is  the  most  satisfactory  method  yet  proposed. 
The  building  is  well  lighted  with  glass  in  the  side  walls,  and  sky  lights  in  the  roof.  More  than  60 
per  cent  of  the  area  of  the  external  walls  and  roof  is  glazed.  Many  other  intereitiog  details  can 
be  obtained  from  the  drawings. 
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Fig.  46.    Steam  Enginebbing  Building,  Bkooklyn  Navy  Yasd. 
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GENERAL    SPECIFICATIONS    FOR    STEEL    FRAME    BUILDINGS." 

BY 

MILO  S.    KETCHUM, 
M.  Am.  Soc.  C.  £. 

TBUD  EDITION. 


GENERAL    DESCRIPTION. 

1.  Hei^  erf  Btdldinc. — ^The  height  o(  the  building  shall  be  the  distance  from  the  top  of  the 
masoary  to  the  under  ^de  of  the  bottom  chord  of  the  truss. 

2.  DuneoEiona  of  Building;. — The  width  and  le:^h  of  the  building  shall  be  the  extreme  dis- 
tance out  to  out  of  framii^or  sheathing. 

3.  Lengtti  of  Spas. — The  length  ol  trusses  and  girders  in  calculating  stresses  shall  be  con- 
sidered as  the  distance  from  center  to  center  of  end  bearings  when  supported,  and  from  end  to 
end  wben  fastened  between  columns  by  connection  angles. 

^  Pitch  of  Roof. — The  pitch  of  roof  for  corrugated  steel  shall  oreferably  be  not  less  than 
i  (6  in.  in  12  in.),  and  in  no  case  less  than  i.  For  a  pitch  less  than  %  some  other  covering  than 
corrugated  steel  shall  be  used. 

5.  Spacing  of  Tiubms. — -Trusses  shall  be  spaced  so  that  simple  shapes  may  be  used  for 
purlins.  The  spacing  should  be  about  16  ft.  for  spans  of,  say,  50  it.  and  about  20  to  33  ft.  for 
spans  of,  say,  100  ft.  For  longer  spans  than  100  ft.  the  purhns  may  be  trussed  and  the  spacing 
may  be  increased. 

6-  Spftdng  of  PodiiiB. — Purlins  shall  be  spaced  not  to  exceed  4  ft.  9  in.  where  corrugated 
steel  is  used,  and  shall  be  placed  at  panel  points  of  the  trusses. 

7.  Ponn  of  Trusses. — The  trusses  shall  preferably  be  of  the  Fink  type  with  panels  so  sub- 
divided that  panel  points  will  come  under  the  purlins.  If  it  is  not  practicable  to  place  the  purlins 
at  panel  points,  the  upper  chords  of  the  trusses  shall  be  designed  to  take  both  the  llexural  and 
direct  stresses.     Trusses  shall  preferably  be  riveted  trusses. 

Trusses  supported  on  masonry  walls  shall  have  one  end  supported  on  sliding  plates  for  spans 
up  to  70  ft.,  for  grater  lengths  of  span  rollers  or  a  rocker  shall  be  used.  No  rollers  with  a 
diameter  less  than  3  in.  shall  be  used. 

All  field  connections  of  the  steel  framework  shall  be  riveted  except  the  connections  for  purlins 
and  girts,  which  may  be  field  bolted. 

8.  Brudng. — Bracing  in  the  plane  of  the  lower  chords  shall  be  stiff;  bracing  in  the  planes  of 
the  top  chords,  the  sides  and  the  ends  ma^  be  made  adjustable. 

9.  Proposals. — Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures  giving  sizes  of  material,  and  such  detail  plans  as  will 
clearly  show  the  dimensions  of  the  parts,  modes  of  construction  and  sectional  areas. 

10.  Detail  Pbuis.— The  successful  contractor  shall  furnish  all  working  drawings  required  by 
the  engineer  free  of  cost.  Working  drawings  will,  as  far  as  possible,  be  made  on  standard  Nze 
sheets  24  in.  X  36  in.  out  to  out,  33  in.  X  34  in.  inside  the  inner  border  lines. 

11.  Approval  of  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawings  are  approved  in  writing  by  the  engineer.  The  contractor  shall  be  responsible  for  dimen- 
sions and  details  on  the  working  plans,  and  the  approval  of  the  detail  plans  1^  the  engineer  will 
not  relieve  the  contractor  of  this  responsibility. 

12.  The  trusses  shall  be  designed  to  carry  the  followii^  loads: 

13.  DEAD  I.OADS.  Weight  of  TrusseB.— The  weight  of  trusses  per  sq.  ft.  of  horizontal 
projection,  up  to  150  ft.  span  shall  be  cakulatcd  by  the  formula 


-U'-lh) 


where  W  —  weight  of  trusses  per  sq,  ft.  of  horizontal  projection; 

P  —  capacity  of  truss  m  pounds  per  sq.  ft.  of  horizontal  projectioD; 
L  ••  span  of  the  truss  in  feet; 
A  —  distance  between  trusses  in  feet. 
'Reprinted  from  the  author's  "  The  Design  of  Steel  Mill  Buildings." 
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14.  Weigbt  of  Covering.  CoimgRted  StooL — ^The  wdght  of  corrugated  steel  shall  be  taken 
from  Table  I. 

When  two  corrugations  side  lap  and  six  in.  end  lap  are  used,  add  35  per  cent  to  the  above 
weights;  when  one  corrugation  side  lap  and  four  in.  end  lap  are  used,  add  15  per  cent  to  the  above 
weights  to  obtain  weight  of  corrugated  eteel  laid.  For  paint  add  2  lb.  per  square.  The  weight 
of  covering  shall  be  reduced  to  weight  per  sq.  ft.  of  horizontal  projection  before  combining  with 
the  weight  of  trusses. 

15.  SUte.^Slate  laid  with  3  in.  lap  shall  be  taicen  at  a  weight  of  ^i  lb.  per  sq.  ft.  of  inclined 
roof  surface  for  A  in.  slate  6  in.  X  12  in.,  and  6}  lb.  per  sq.  ft.  of  inchncd  roof  surface  f or  ^  >n- 
slate  13  in.  ><  34  ii'-i  and  jiroportionately  for  other  sizes. 

16.  Tile. — Terra-cotta  tile  roofing  weighs  about  6  lb.  per  sq.  ft.  for  tile  1  in.  thick;  the  actual 
weight  of  tile  and  other  roof  coveKngs  not  named  shall  be  used. 

17.  Sheathing  and  Purlins. — Sheathing  of  dry  pine  lumber  shall  be  assumed  to  weigh  3  lb, 
per  ft.  and  dry  oak  purlins  4  lb.  per  ft.  board  measure. 

18.  HlscellaneouB  Loads. — The  exact  weight  of  sheathing,  purlins,  bracing,  ventilators, 
cranes,  etc.,  shall  be  calculated. 

19.  SNOW  LOADS. — Snow  loads  shall  be  taken  from  the  diagram  in  Fig.  i. 

30.  WIHD  LOADS.— The  normal  wind  pressure  on  trusses  shall  be  computed  by  Duch- 
emin's  formula.  Fig.  3,  with  P  =  30  lb.  per  sq.  ft.,  except  for  buildings  in  exptned  locations, 
where  P  —  40  lb.  per  sq.  ft.  shall  be  used. 

ai.  The  sides  and  ends  of  buildings  shall  be  computed  for  a  normal  wind  load  of  30  lb.  per 
sq.  ft.  of  exposed  surface  for  buildEngs  30  ft.  and  less  to  the  eaves;  30  lb.  per  sg.  ft.  of  exposed 
surface  for  buildings  60  ft.  to  the  caves,  and  in  proportion  for  intermediate  heights. 

33.  Hine  BuifdingB. — Mine,  smelter  and  other  buildings  exposed  to  the  action  (rf  corrosive 
gases  shall  have  their  dead  loads  increased  25  per  cent. 

23.  Concentrated  Loads. — Concentrated  loads  and  crane  girders  shall  be  considered  in 
determining  dead  loads. 

34.  Purlins. — Purlins  shall  be  designed  to  carry  the  actual  weight  of  the  covering,  roofing 
and  purlins,  but  shall  always  be  designed  for  a  normal  load  of  not  less  than  30  lb.  per  sq.  ft. 

35.  Girts.— -Girts  shall  be  designed  for  a  normal  load  of  not  leas  than  as  lb.  per  sq.  ft. 

36.  Roof  CoTeilng. — Roof  covering  shall  be  designed  for  a  normal  toad  of  not  less  than  3a 
lb.  per  sq.  ft. 

27.  Minimum  Loads. — No  roof  shall,  however,  be  designed  for  an  equivalent  load  of  less 
than  30  lb.  per  sq.  ft.  of  horizontal  projection. 

38.  Loads  on  Fonndatloas. — The  loads  on  foundations  shall  not  exceed  the  following  in 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm  coarse  sand 4 

Firm  coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock 30 

For  all  smIb  inferior  to  the  above,  such  as  loam,  etc.,  never  inore  than  one  ton  per  sq.  ft 

39.  Stresses  in  Haaaniy. — The  allowable  stresses  in  masonry  shall  not  exceed  the  following: 

Too*  per  Sq.  Ft.     Lb.  per  Sq.  In. 

Common  brick,  Portland  cement  mortar I3  168 

Hard  burned  brick,  Portland  cement  mortar 15  3tO 

Rubble  masonry,  Portland  cement  mortar 10  140 

First  class  masonry,  crystalline  sandstone  or  limestone 35  350 

First  class  masonry,  granite 30  430  : 

Portland  cement  concrete,  r-3-5 20  aSo  | 

Portland  cement  concrete,  1-3-4 3©  4^0 

30.  Pressures  on  Hasoniy. — The  pressure  of  column  bases,  beams,  etc.,  on  masonry  shall 
not  exceed  the  following  in  pounds  per  sq.  in. 

Brick  work  with  cement  mortar 350 

Rubble  masomy  with  cement  mortar 350 

Portland  cement  concrete,  1-2-4 50O 

First  class  dimension  sandstone  or  limestone 400 

First  class  granite 


DigilizeoDV  Google 


SPECIFICATIONS. 


drop  hammer  shall  be  determined  by  the  formula  P  —  ■  .     Where  P  —  safe  load  on  pile 

in  tons;  W  —  we^ht  of  hammer  in  tons;  A  —  free  fall  of  hammer  in  ft.;  s  —  averi^%  penetration 
for  tbe  last  six  blows  of  the  hammer  in  in.  Where  a  steam  hammer  is  used,  -^  is  to  be  used  in 
place  of  unity  in  tbe  denominator  of  the  right  hand  member  of  the  formula. 

Piles  shall  have  a  penetration  of  not  1(^  than  lo  ft.  in  hard  material,  such  as  gravel,  and  not 
less  than  is  ft.  in  loam  or  soft  material. 

PaopoRTioN  OF  Parts. 

33.  Allowable  Stresses. — In  proportioning  the  different  parts  of  the  structure  the  maximum 
Etressesduetothecombinationsot  the  dead  and  wind  load;  dead  and  snow  load;  or  dead,  minimum 
snow  and  wind  load  are  to  be  provided  for.  Concentrated  loads  where  they  occur  must  be  pro- 
vided for. 

}3.  TensUe  Stress. — Allowable  Unit  Tensile  Stresses  for  Structural  Steel.  For  direct  dead, 
snow  and  wind  loads. 

Lb.  per  Sq.  la. 

Shapes,  main  members,  net  section 16.000 

Ban 16,000 

Bottom  flanges  of  rolled  beams 16,000 

Shapes,  laterals,  net  section 30,000 

Iron  rods  for  laterals 20,000 

Plate  girder  webs,  shear  on  net  section 10,000 

Shapes  liable  to  sudden  loading  as  when  used  for  crane  girders 10,000 

Expansion  rollers  per  lineal  inch 600  X  d 

where  d  ■>  diameter  of  roller  in  inches. 

Laterals  shall  be  designed  for  the  maximum  stresses  due  to  5,000  pounds  initial  tenuon  and 
tbe  maximum  stress  due  to  wind. 

34.  Compressive  Sbvss. — Allowable  Unit  Compressive  Stress  for  Structural  Steel.  For 
direct  dead,  snow  and  wind  loads 

5  —  16,000  —  70  - 

where  S  —  allowable  unit  stress  in  lb.  per  sq.  in; 

/  —  length  of  member  in  inches  c.  to  c.  of  end  connections; 
T  =  least  radius  ofRyration  of  the  member  in  inches. 

35.  Plate  Girders. — ^Top  flanges  of  plate  girders  shall  have  the  same  gross  area  as  the  tension 

36.  Shear  in  webs  of  plate  girders  shall  not  exceed  10,000  lb.  per  sq.  in.  of  net  section, 

37.  Alternate  Stress.— Members  and  connections  subject  to  alternate  stresses  shall  be 
o  take  each  kind  of  stress. 

mbined  direct  and  bending  stresses  shall  be 


io£ 

where  S  —  stress  in  lb.  per  sq.  in.  in  extreme  fiber; 
P  -direct  load  in  lb.; 
A   ~  area  of  member  in  sq,  in.; 
M  —  bending  moment  in  in-lb.; 

yi  ■■  distance  from  neutral  axis  to  extreme  fiber  in  inches; 
/  -  moment  of  inertia  of  member; 

I  —  length  member,  or  distance  from  point  of  zero  moment  to  end  of  member  in  inches; 
E  —  modulus  of  elasticity  —  30,000,000.  lb.  per  sq.  in. 
When  combined  direct  and  Rexural  stress  due  to  wind  is  considered,  50  per  cent  may  be 
added  to  the  above  allowable  tensile  and  compressive  stresses. 

39  Stnaa  Due  to  W«d|Jit  of  Member. — Where  the  stress  due  to  the  weight  of  the  member  or 
due  to  an  eccentric  load  eroeeds  the  allowable  stress  for  direct  loads  by  more  than  10  per  cent,  the 
sectioo  shall  be  increased  until  the  total  stress  does  not  exceed  the  above  alloii^bie  stress  for 
direct  loads  by  more  than  10  per  cent.  _, 
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The  eccentric  stress  caused  by  connecting  angles  by  one  leg  when  u*ed  as  ties  or  struts  shall 
be  calculated,  or  only  one  1^  will  be  considercd  effective. 

40.  Rivets.^ — Rivets  stiEtll  be  so  spaced  that  the  shearing  stress  shall  not  exceed  11,000  lb. 
per  sq.  in.;  nor  the  pressure  on  the  bearing  suri'ace  (diameter  X  thickness  of  piece)  of  the  rivet 
hole  exceed  33,000  lb.  per  sq.  in. 

Rivets  in  lateral  connections  may  have  stresses  35  per  cent  in  excess  of  the  above. 

Field  rivets  shall  be  spaced  for  stresses  two-thirds  those  allowed  for  shop  rivets. 

Field  bolts,  when  allowed,  shall  be  spaced  for  stresses  two'thirds  those  allowed   for  field 

Rivets  and  field  bolts  must  not  be  used  in  direct  tension.  Where  it  is  necessary  that  con- 
nections take  tension  turned  bolts  shall  be  used. 

41.  E^s.- — Pins  shall  be  proportioned  so  that  the  shearing  stress  shall  not  exceed  11.000  lb. 
per  sq.  in,;  nor  the  pressure  on  the  bearing  surface  (diameter  X  thickness  of  piece)  of  the  pin 
note  exceed  23,000  lb.  per  sq.  in. ;  nor  the  extreme  liber  stress  due  to  cross  bending  exceed  24,000  | 
lb.  per  sq.  in.  when  the  applied  forces  are  assumed  as  acting  at  the  center  of  the  members. 

43.  Plate  Girders. — Plate  girders  shall  be  proportioned  by  the  moment  of  inertia  of  their 
net  section  or  on  the  assumption  that  )  of  the  gross  area  of  the  web  is  available  as  flange  area, 
and  the  shear  [s  resisted  by  the  web.  The  distance  between  centers  of  gravity  of  the  flar^e  areas 
shall  be  considered  as  the  eJTective  depth  of  ihe  girder. 

43.  Web  Stiffen«s.^The  web  of  plate  girders  shall  have  stiffeners  at  the  ends  and  inner 
edges  of  bearing  plates,  and  at  points  of  concentrated  loads,  and  also  at  intermediate  points  where 
the  thickness  of  the  web  is  less  than  ^  of  the  unsupported  distance  between  flange  angles,  not 
farther  apart  than  the  depth  of  the  full  web  plate  with  a  maximum  limit  of  5  ft.  Stiffeners  sliall 
be  designed  as  columns  for  a  length  equal  to  one-half  the  depth  of  the  girder.  Stiffener  angles 
must  have  enough  rivets  to  properly  transmit  the  shear. 

44.  Compression  flanges  ol  plate  girders  shall  have  at  least  the  same  sectional  area  as  the 
tension  flanges,  and  shall  not  have  a 


IS  per  sq.  in.  on  the  gross  area  greater  than  l6,oc 


where  I  ••  unsupported  distance,  and  b  =•  width  of  flange,  both  in  inches.  Compression  flanges 
of  plate  girders  shall  be  stayed  transversely  when  their  length  is  more  than  thirty  times  their 
width. 

45.  Rolled  Beams. — Rolled  beams  shall  be  proportioned  by  their  moment  of  inertia.  The 
depth  of  rolled  beams  in  floors  shall  not  be  less  than  ^  of  the  span.  Where  rolled  beams  or 
channels  are  used  as  roof  purlins  the  depths  shall  not  be  less  than  -fy  of  the  span. 

46.  Timber. — The  allowable  stresses  in  timber  purlins  and  other  timber  shall  be  taken  from 
the  followii^  table. 

Allowable  Working  Unit  Stresses  in  Tihbbs,  in  Pounds  pkk  Square  Inch. 


mnd  ol  Timber. 

Lo^i>ia. 

End 
tog." 

Under  10 

I>iam- 
«m.C. 

BoiiDC 

ACIDM 

Fiber. 

Sh»r. 

^^Mt^ 

^^. 

Londta- 

dlnal 
Sborin 
Boinu, 

1,000 
1,000 

1,100 

MOO 

1,000 
1,000 

1,300 

1,000 
1,000 
800 

Soo 
1,000 

4SO 

300 

180 

160 

180 

70 

1,150,000 
1,610,000 
1,130,000 
1,480,000 

I. S  10.000 

Long  Lt»f  Yellow  Pine. . , 
White  Pine  >nd  Spruce. . . 

Western  Hemlock 

Douglass  Fir 

Columns  may  be  used  with  a  length  not  exceeding  45  times  the  least  dimension.    The  unit 
ess  for  lengths  of  more  than  10  times  the  least  dimension  shall  be  reduced  by  the  followii^ 


where  C  *•  unit  stress,  as  ^ven  above  for  short  columns; 
P  =•  allowable  unit  stress  in  lb.  per  sq.  in.; 
I  =  length  of  column  in  inches; 
d  —  least  side  of  column  in  inches. 
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47.  Com^ttA  SteeL — Corrugated  steel  Bhall  generally  have  3}  in.  cornigattods  when  used 
for  roof  and  sidea  of  buildings,  and  li  in.  corrugations  when  used  for  lining  buildings.  The 
minimum  gage  of  corrugated  steel  shall  be  No.  2a  for  roofs,  No.  24  for  sides,  and  No.  36  for  lining. 

The  gage  of  corrugated  steel  in  U.  S.  standard  gage  and  weight  per  sq.  ft.  shall  be  shown 
on  the  general  plan. 

48.  ^Mdng  PuiUiu  and  Olrts. — The  span,  or  center  to  center  distance  of  purlins,  shall  not 
exceed  the  distance  given  in  Fig.  18  tor  a  safe  load  of  30  lb.  per  sq.  ft.  Corriwated  steel  sheets 
ihsll  preferably  span  two  purlin  spaces.  Girts  shall  be  spaced  for  a  safe  load  of  2$  lb.  per  sq.  ft. 
in  Fig.  18. 

49.  End  mi  Side  Laps. — Corrugated  steel  shall  be  laid  « 
six  inches  end  lap  when  used  for  roofing,  and  one  corrugatio: 
when  used  for  siding. 

50.  Fastening.— -Corrugated  steel  shall  be  fastened  to  the  purlins  and  girts  by  means  of 
^l\'3nized  iron  straps  )  in.  wide  by  No.  i3  gage,  spaced  8  to  12  in.  apart;  by  clinch  nails  spaced 
.-■  to  iz  in.  apart;  or  by  nailing  directly  to  spitung  strips  with  8d  barbed  nails,  spaced  8  in.  apart. 
Spiking  stripe  shall  preferably  be  used  with  anti-condensation  lining.  Bolts,  nails  and  nvets 
shall  always  pass  through  the  top  of  corrugations.  Side  laps  shall  t>e  riveted  with  copper  or 
galvanized  iron  rivets  8  to  13  in.  apart  on  the  roof  and  i_}  to  a  ft.  apart  on  the  sides. 

51.  Coirngated  Steal  Uning. — Corrugated  steel  lining  on  the  sides  shall  be  laid  with  one 
corrugation  side  lap  and  four  in.  end  lap.  Girts  for  corrugated  steel  lining  shall  be  spaced  for  a 
~^le  bad  of  35  lb.  per  sq.  ft.  as  given  in  Fig.  iS. 

53.  Anti-condenaatlan  Lining.— Anti-condensation  roof  lining  shall  be  used  to  prevent 
dripping  in  engine  houses  and  similar  buildings,  and  shall  be  constructed  as  follows:  Galvanized 
viire  poultry  netting  is  fastened  to  one  eave  purlin  and  is  passed  over  the  ridge,  stretched  ti^ht 
and  fastened  to  the  other  eave  purlin.  The  edges  of  the  wire  are  woven  together  and  the  netting 
is  fastened  to  the  spitdng  strips,  where  used,  by  means  of  small  staples.  On  the  netting  are  laid 
:*o  layers  of  asbestos  paper  -ff  in.  thick  and  two  layers  of  tar  paper.  The  corrugated  steel  is 
then  fastened  to  the  purlins  in  the  usual  way;  A  in.  stove  bolts  with  i  in.  X  i  in.  plate  washers 
on  the  lower  side  are  used  for  fastening  the  side  laps  together  and  for  supporting  the  lining;  or 
the  purlins  may  be  spaced  one-half  the  usual  distance  where  anti-condensation  lining  is  used  and 
the  stove  bolts  omitted. 

53.  FUshing.^Valleys  or  corners  around  atacks  shall  have  flashing  extending  at  least  12  in. 
above  where  water  will  stand,  and  shall  be  riveted  or  soldered,  if  necessary,  to  prevent  leakage. 

Flashing  shall  be  provided  above  doors  and  windows. 

54.  Ridge  Roll.— All  ridges  shall  have  a  ridge  roll  securely  fastened  to  the  corrugated  steel. 

55.  Comer  nnish. — All  comers  shall  be  covered  with  standard  comer  finish  securely  fastened 
to  the  corrugated  steel. 

56.  Cornice,— At  the  gable  ends  the  cormgated  steel  on  the  root  shall  be  securely  fastened  to  a 
finish  angle  or  channel  connected  to  the  end  of  the  purlins,  or,  where  molded  cornices  are  used, 
10  a  ]»ece  of  timber  fastened  to  the  ends  of  the  purlins. 

57-  GntteT¥.— Gutters  and  conductors  shall  be  furnished  at  least  equal  to  the  requirements 
of  the  following  table: 

Gntts.  Conductor. 

6  in.  4  in.  every  40  ft. 


Spuiafiloof. 

Up      t 
50  ft.  t 
70  ft.  t 

0    50  ft. 

Gutters  shall  have  a  slope  of  at  least  I  in.  in  15  ft.  Gutters  and  conductors  shall  be  made 
of  galvanised  steel  not  lighter  than  No.  24. 

58.  Ventilatora. — Ventilators  shall  be  provided  and  located  so  as  to  properly  ventilate  the 
building.  They  shall  have  a  net  opening  for  each  100  sq.  ft.  of  floor  space  as  follows:  not  less 
than  one-fourth  sq.  ft.  for  clean  machine  shops  and  similar  buildinrs;  not  less  than  one  sq.  ft. 
for  dirty  machine  shops;  not  less  than  four  sq.  ft.  tor  mills;  and  not  less  than  six  sq.  ft.  for  forge 
shops,  foundries  and  smelters. 

59.  Shatters  and  Lotivres. — Openings  in  ventilators  shall  be  provided  with  shutters,  sash, 
or  louvres,  or  may  be  left  open  aa  specified. 

Shutters  must  be  provided  with  a  satisfactory  device  for  opening  and  closing. 

Louvres  must  be  designed  to  prevent  the  blowing  in  of  rain  and  snow,  and  must  be  made 
stiff  sothat  no  appreciable  sagging  will  occur.  They  shall  be  made  of  not  less  than  No.  30  gage 
galvanised  steel  for  flat  louvres,  and  No.  34  gage  galvanized  steel  for  corrugated  louvres. 

60.  Cbcolar  Ventllatora. — Circular  ventilators,  when  used,  must  be  designed  so  as  to  prevent 
down  drafts.    Net  openii^  only  shall  be  used  in  calculations. 
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6l.  Windows, — Windows  shall  be  provided  in  theexteriorwalls  equal  to  not  less  than  lo  per 

«nt  of  the  entire  exterior  surface  in  mill  buildings,  and  of  not  less  than  25  per  cent  in  machine 
shops,  factories,  washeries,  concentrators,  breakers  and  similar  buildings. 

Window  glass  up  to  13  in,  X  14  in.  may  be  single  strength,  over  12  in.  X  14  in.  the  glass 
shall  be  double  strength.  Window  glass  shall  be  A  grade  eiorept  in  smelters,  foundries,  kirge 
shops  and  similar  structures,  where  it  may  be  B  grade.  The  sash  and  frames  shall  be  constructed 
of  white  pine.  Where  buildings  are  exposed  to  fire  hazard  the  windows  shall  have  wire  glass  set 
in  metal  sash  and  frames. 

63.  Sk^ights. — At  least  half  of  the  lighting  shall  preferably  be  by  means  of  skylights,  or 
sash  in  the  sides  of  ventilators. 

Skylights  shall  be  glazed  with  wire  glass,  or  wire  netting  shall  be  stretched  beneath  the 
sLylighta  to  prevent  the  broken  glass  from  falling  into  the  buuding.  Where  there  is  danger  of 
the  skylight  glass  being  broken  by  objects  falling  on  it,  a  wire  netting  guard  shall  be  provided 
on  the  outside. 

Skylight  ^lass  shall  be  carefully  set,  special  care  being  used  to  prevent  leakage.  Leakage 
and  condensation  on  the  inner  surface  of  the  glass  shall  be  carried  to  the  down-spouts,  or  outside 
the  building  by  condensation  gutters. 

63.  Windows  in  sides  of  buildings  shall  be  made  with  counterbalanced  sash,  and  in  venti- 
lators shall  be  made  with  sliding  or  swing  sash.  All  swinging  windows  shall  be  provided  with  3 
satisfactory  operating  device. 

64.  Doors. — Doors  are  to  be  furnished  as  specified  and  are  to  be  provided  with  hinges,  tracks, 
locks  and  bolts.  Single  doors  up  to  4  ft.  and  double  doors  up  to  8  it.  shall  preferably  be  swung 
on  hinges;  large  doors,  double  and  single,  shall  be  arranged  to  slide  on  overhead  tracks,  or  may  be 
counterbalanced  to  lift  up  between  vertical  guides. 

Steel  doors  shall  be  nrmly  braced  and  shall  be  covered  with  No.  34  corrugated  steel  with  i\ 
in.  corrugations. 

The  frames  of  sandwich  doors  shall  be  made  of  two  layers  of  I  in.  matched  white  pine,  placed 
diagonally,  and  firmly  nailed  with  clinch  nails.  The  frame  shall  be  covered  on  each  side  with  a 
layer  of  No.  36  corrugated  ctecl  with  ij  in.  corrugations.  Locks  and  all  other  necessary  hard- 
ware shall  be  furnished  for  all  windows  and  doors. 

{Sutions  6$  to  77  cover  sptciftcaiiotts  for  tar  and  gravel  roofitt£  and  concrete  and  mood  floors 
which  have  already  been  f  ii«tt.) 

DsTAtLS  OF  Construction. 

78.  Details. — All  coanections  and  details  shall  be  of  eufEcient  strength  to  develop  the  full 
strength  of  the  member. 

79.  Pitch  of  Rivets. — The  pitch  of  rivets  shall  not  exceed  6  in.,  or  sixteen  times  the  thickness 
of  the  thinnest  outside  plate  in  the  line  of  stress,  nor  forty  times  the  thickness  of  the  thinnest 
outside  plate  at  right  angles  to  the  line  of  stress.  The  pitch  shall  never  be  less  than  three  diameters 
of  rivet.  At  the  ends  of  compression  members  the  pitch  shall  not  exceed  four  diameters  of  the 
rivet  for  a  length  equal  to  twice  the  width  of  the  member.  , 

80.  Edge  Distsnoe. — The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  ij  in.  for  I  in.  rivets,  li  in.  for  J  in.  rivets,  iJ  in.  for  j  in.  rivets,  and  i  in.  for  )  in. 
rivets,  and  to  a  rolled  edge  i},  iJ,  i  and  i  in.,  respectively.  The  maximum  distance  from  the  ' 
edge  shall  be  eight  (8)  times  the  thickness  of  the  plate. 

81.  Maximum  Diameter.— The  diameter  of  the  rivets  in  angles  carrying  calculated  stresses 
shall  not  exceed  i  of  the  width  of  the  leg  in  which  they  are  driven,  except  that  J  in.  rivets  may 
be  used  in  3  in.  angles. 

83,  Diameter  of  Punch  and  Die. — The  diameter  of  the  punch  and  die  shall  be  as  speci6ed 
in  {  147. 

83.  Net  Sections. — The  effective  diameter  of  a  driven  rivet  will  be  assumed  the  same  as 
its  diameter  before  driving.  In  deducting  the  rivet  holes  to  obtain  net  sections  in  tension  members, 
the  diameter  of  the  rivet  holes  will  be  assumed  as  |  inch  larger  than  the  undriven  rivet. 

84.  Minim iim  Sections. — No  metal  of  less  thickness  than  }  in,  shall  be  used  except  for 
fillers;  and  no  angles  less  than  a"  X  2"  X  i".  The  minimum  thickness  of  metal  in  head  frames 
rock  houses  and  coal  tipples,  coal  washers  and  coal  breakers  shall  be  A  >"'•  except  for  fillers. 
No  upset  rod  shall  be  less  than  f  in.  in  diameter.     Sag  rods  may  be  as  small  as  |  in.  diameter. 

83.  Connections. — Ail  connections  shall  be  of  sufficient  strength  to  develop  the  full  strength 
of  the  member.  No  connections  except  for  lacing  bars  shall  have  less  than  two  rivets.  All  field 
connections  except  lacing  bars  shall  have  not  less  than  three  rivets. 

86.  Flange  I^tes. — ^The  flange  plates  of  all  girders  shall  not  extend  beyond  the  outer  line 
of  rivets  connecting  them  to  the  angles  more  than  6  in.  nor  more  than  e^ht  times  the  thickness  ' 
of  the  thinnest  plate.  | 
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87.  Web  Stifloiaii. — Web  stiffeoers  shall  be  in  pairs,  and  shall  have  a  close  fit  against  flange 
angles.  The  stiffenera  at  the  ends  of  plate  girders  shall  have  filler  plates.  Intermediate  stiffeners 
may  have  fillers  or  be  crimped  over  the  flange  angles.  The  livet  pitch  in  atiffeners  shall  not  be 
greater  than  5  in. 

88.  Wsb  Splices. — Web  plates  shall  be  spliced  at  all  points  by  a  plate  on  each  side  of  the 
web,  capable  of  transmitting  the  shearing  and  bending  stresses  through  the  splice  rivets. 

89.  H«t  Sections. — Net  sections  must  be  used  in  calculating  tension  members  and  in  deducting 
the  rivet  holes  they  shall  be  taken  }  in.  larger  than  the  nominal  aize  of  rivet- 
go.  Pin  connected  riveted  tension  members  shall  have  a  net  section  through  the  pin  hole 

25  per  cent  in  excess  of  the  required  net  section  of  the  member.  The  net  section  back  of  the 
pin  hole  in  line  of  the  center  of  the  pin  shall  be  at  least  0.75  of  the  net  section  through  the  pin 
hole. 

91.  Upset  Rods. — All  rods  with  screw  ends,  except  sag  rods,  must  be  upset  at  the  ends  so  that 
the  diameter  at  the  base  of  the  threads  shall  be  -ft  inch  larger  than  any  part  of  the  body  of  the  bar. 

91.  Uppw  Chords. — Upper  chords  of  trusses  shall  have  symmetrical  cross-sections,  and  shall 
prefei^bly  consist  of  two  aisles  back  to  back. 

93.  Compression  Usmbers. — All  other  compressioa  members  for  roof  trusses,  except  sub- 
struts,  shall  be  composed  of  sections  symmetrically  placed.     Sub-struts  may  consist  of  a  single 


,^ _.     -Side  posts  which  take  flexure  shall  preferably  be  composed  of  4  angles  laced, 

or  4  angles  and  a  plate.     Where  side  posts  do  not  take  flexure  and  carry  heavy  loads  they  shall 
preferably  be  composed  of  two  channels  laced,  or  of  two  channels  with  a  center  diaphragm. 

95.  Posts  in  end  framing  shall  preferably  be  composed  of  I-beams  or  4  angles  laced.  Corner 
columns  shall  preferably  be  composed  of  one  angle. 

96.  Crsne  Posts. — The  cross-bending  stress  due  to  eccentric  loading  in  columns  carrying 
cranes  shall  be  calculated.  Crane  girders  carrying  heavy  cranes  shall  be  carried  on  independent 
columns. 

97.  Batten  PUtes. — ^Laced  compression  members  shall  be  stayed  at  the  ends  by  batten 
plates,  placed  as  near  the  end  of  the  member  as  practicable  and  having  a  length  not  less  than  the 
greatest  width  of  the  member.  The  thickness  of  batten  plates  shall  not  be  less  than  ^  of  the 
distance  between  rivet  lines  at  right  angles  to  axis  of  member. 

98.  Lacing. — Single  lacing  bars  shall  have  a  thickness  of  not  less  than  ^^i  3>i<^  double  bars 
connected  by  a  rivet  at  the  intersection  of  not  less  than  -^  at  the  distance  between  the  rivets 
connecting  them  to  the  member;  they  shall  make  an  angle  not  less  than  45  degrees  with  the  axis 
of  tbe  member;  their  width  shall  be  in  accordance  with  the  following  standards,  generally: 

SlM  of  Uembo'.  Width  of  Lulug  Ban. 

For  15  in.  channels,  or  built  sections  with  3^  and  4  tn.  angles..  ,zl  inches  ({  in.  rivets). 
For  12,  10  and  9  in.  channels,  or  built  sections  with  3  in.  angles.,  .aj  inches  (j  in.  rivets). 
For  8  and  7  in.  channels,  or  built  sections  with  ai  in,  angles.. .  .3  inches  ()  in.  rivets). 
For  6  and  5  in.  channels,  or  built  sections  with  2  in.  angks l]  inches  (J  in.  rivets). 

Where  laced  members  are  subjected  to  bending,  tbe  size  of  lacing  bars  or  angles  shall  be  cal- 
culated, or  a  solid  ■web  plate  shall  be  used. 

99.  Pin  PUtes. — All  pin  holes  shall  be  reinforced  by  additional  material  when  necessary,  so 
as  not  to  exceed  the  allowable  pressure  on  the  pins.  These  reinforcing  plates  must  contain  enough 
ri\'ets  to  transfer  the  proportion  of  pressure  which  comes  upon  them,  and  at  least  one  plate  on 
each  aide  shall  extend  not  less  than  6  in.  beyond  the  edge  of  the  batten  plate. 

100.  MaTiTTiiiiii  Length  of  Compression  Members. — No  compression  member  shall  have  a 
len^h  exceeding  125  times  its  least  radius  of  gyration  for  main  members,  nor  150  times  its  least 
radius  of  gyration  for  laterals  and  sub-members.  The  lenph  of  a  main  tension  member  in  which 
tbe  stress  is  reversed  by  wind  shall  not  exceed  150  times  its  least  radius  of  gyration, 

loi.  Maximum  Length  of  Tension  Uembers. — The  length  of  riveted  tension  members  in 
horizontal  or  inclined  position  shall  not  exceed  200  times  their  radius  of  gyration  except  for  wind 
bracing,  which  members  may  have  a  length  equal  to  250  times  the  least  radius  of  gyration.  The 
horifontal  projection  of  the  unsupported  portion  of  the  member  is  to  be  considered  the  effective 
length. 

102.  Splices. — In  compresMon  members  joints  with  abutting  faces  planed  shall  be  placed  as 
near  tbe  panel  points  as  possible,  and  must  be  spliced  on  all  sides  with  at  least  two  rows  of  rivets 
on  each  side  of  the  joint.     Joints  with  abutting  faces  not  planed  must  be  fully  spliced. 

103.  Splices. — Joints  in  tension  members  shall  be  fully  spliced. 

lOif.  Tension  Uembers. — Tension  members  shall  preferably  be  composed  of  angles  or 
shapes  capable  of  taking  compression  as  well  as  tension.  Flats  riveted  at  the  ends  shall  not  be 
used. 
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a  develop  the  full  strength 
!t  be  driven  to  place  by 


to6.  Ey«-Ban. — Heads  of  eye-bars  shall  be  so  proportioned  .._ 
of  the  bar.    The  heads  shall  be  forged  and  not  welded. 

107.  Hns. — Pins  must  be  turned  true  to  size  and  straight,  and 
means  of  pilot  nuts. 

The  diameter  of  pin  shall  not  be  less  than  i  of  the  depth  of  the  widest  bar  attached  to  it. 
The  several  members  attached  to  a  pin  shall  be  packed  so  as  to  produce  the  least  bonding 
moment  on  the  pin,  and  all  vacant  spaces  must  be  filled  with  steel  or  cast  iron  fillers. 

108.  Bars  or  BodB.—Loi^  laterals  may  be  made  of  bars  with  clevis  or  sleeve  nut  adjustment. 
Bent  loops  shall  not  be  used. 

109.  SpacinE  Ttubms. — Trusses  shall  preferably  be  spaced  so  as  to  allow  the  use  of  single 
pieces  of  rolled  sections  for  purlins.     Trussed  purlins  shall  be  avoided  if  possible. 

no.  Poriins  and  Girts. — Purlins  and  girts  shall  preferably  be  composed  of  single  sections- 
channels,  angles  or  Z-bars,  placed  with  web  at  right  angles  to  the  trusses  and  posts  and  legs  turned 

III.  Fastening. — Purlins  and  girts  shall  be  attached  to  the  top  chord  of  trusses  and  to  columns 
by  means  of  angle  clips  with  two  nvets  in  each  leg. 

113.  Spacing. — Purlins  for  corrugated  steel  without  sheathing  shall  be  spaced  at  distances 
apart  not  to  exceed  the  span  as  given  for  a  safe  load  of  30  lb.,  and  girts  for  a  safe  load  of  25  lb. 
as  given  in  Fig.  18. 

113.  Timbor  Purlins. — Timber  purlins  and  girts  shall  be  attached  and  spaced  the  same  as 
steel  purlins, 

114.  Base  Kates. — Base  plates  shall  never  be  less  than  ^  in.  in  thickness,  and  shall  be  of 
sufficient  thickness  and  size  so  that  the  pressure  on  the  masonry  shall  not  exceed  the  allowable 
pressures  in  §  30. 

115.  Anchors. — Columns  shall  be  anchored  to  the  foundations  hy  means  of  two  anchor 
bolts  not  less  than  i  in.  in  diameter  upset,  placed  as  wide  apart  as  practicable  in  the  plane  of  the 
wind.  The  anchorage  shall  be  calculated  to  resist  one  and  one-half  times  the  bending  moment 
at  the  base  of  the  columns. 

116.  Lateral  Bracing. — Lateral  bracing  shall  be  provided  in  the  plane  of  the  top  and  bottom 
chords,  sides  and  ends;  knee  braces  in  the  transverse  bents;  and  sway  bracing  wherever  necessary. 
Lateral  bracing  shall  be  designed,  for  an  initial  stress  of  5,000  lb.  in  each  member,  and  proviuon 
must  be  made  for  putting  this  initial  stress  into  the  members  in  erecting. 

117.  Tempflrature.^Varntions  in  temperature  to  the  extent  of  150  degrees  F.  siiall  be 
provided  for. 

MATERIAL  AND  WORKMANSHIP. 


Cbemioil  uk]  Phydcd 
PmperUB. 

Stmctunl  StKl. 

Rivet  Stad. 

Sted  CaMUw*. 

p'-p'"'""»"'{A"d'::.: 

0.04  per  cent 
0.08   "      " 
0.05    "      " 

0.04  per  cent 

0.04 

0.04   "      " 

0.05  per  cent 

0.08   "      " 
o.o;   "      " 

ultimate  tenaile  strength 

Pounds  per  square  inch 

Elongation:  min.  %  in  8"   { 
Elongation:  min.  %  in  z", . . 

Character  of  fracture 

Cold  bends  without  fracture. 

Desired 

60,000 
1,500,000* 

Desired 

SO,ooo 

Not  less  than 
65,000 

18 

Silky  or  fine  granular 

90",  J  -  3i 

UK.  tensile  strength 

Silky 
180°  tiatt 

UU.  tensile  strength 

snity 

180"  flatt 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 

*  See  paragraph  128. 

t  See  paragraphs  lag,  130  and  131. 

t  See  paragraph  132. 
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SPECIFICATIONS. 

izo.  AUowable  Variatioiis.— If  the  ultimate  atrennh  v 
dcHred,  a  reteat  shall  be  made  on  the  same  gage,  which,  to 
lb.  of  the  desired  ultimate. 

131.  Chemical  AnalyseK. — Chemical  determinatians  of  the  percentages  of  carbon,  phos- 
phonis,  sulphur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at 
(he  time  of  the  pouring  of  each  melt  of  steel  and  a  correct  copy  of  such  analysis  shall  be  furnished 
to  the  engineer  or  his  inspectar.  Check  analyses  shall  be  made  from  hnished  material,  if  called 
for  by  the  purchaser,  in  which  case  an  excess  of  35  per  cent  above  the  required  limits  will  be 
allowed. 

123,  Form,  of  Spedmens.  Plates,  Shapes  and  Bars. — Specimens  for  tensile  and  bending 
tests  for  plates,  shapes  and  bars  shall  be  made  by  cutting  coupons  from  the  finished  product, 
which  shall  have  both  faces  rolled  and  both  edges  milled  to  the  form  shown  by  Fig.  i;  or  with 
both  edges  parallel;  or  they  may  be  turned  to  a  diameter  of  J  in.  for  a  length  of  at  least  9  in., 
with  enlaived  ends. 

133.  Rivets. — Rivet  rods  shall  be  tested  as  rolled. 

134.  Pins  and  Rollers. — Specimens  shall  be  cut  from  the  finished  rolled  or  fot^ed  bar,  in 
such  manner  that  the  center  of  the  specimen  shall  be  i  in.  from  the  surface  of  the  bar.  The 
specimen  for  ten«le  test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  bending 
ten  ataH  be  i  in.  by  }  in.  in  section. 


Aboul,'  ^  PirulM  S«tlo» 

L-Ji-°i  "--"■■rial 

IT ('••1 

.a. 

JiT4,iS.B,„ 

Fig.  2. 

125.  Stebl  Castings. — The  number  of  tests  will  depend  on  the  character  and  importance 
of  the  castings.  Specimens  shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of 
one  or  more  castings  from  each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient  size. 
The  coupon  or  sink  head,  so  used,  shall  be  annealed  with  the  casting  before  it  is  cut  off.  Test 
specimens  shall  be  of  the  form  prescribed  for  pins  and  rollers. 

126.  Annealed  Specimens. — Material  wnich  is  to  be  used  without  annealing  or  further 
treatment  shall  be  tested  in  the  condition  in  which  it  comea  from  the  rolls.  When  material  is  to 
be  annealed  or  otherwise  treated  before  use,  the  specimens  for  tensile  tests  representing  such 
material  shall  be  cut  from  properly  annealed  or  similarly  treated  short  lengths  of  the  full  section 
<rf  the  bar. 

127.  Nnmbttr  of  Tests. — At  least  one  tensile  and  one  bending  test  shall  be  made  from  each 
melt  of  steel  as  rolled.  In  case  steel  differing  i  in.  and  more  in  thickness  is  rolled  from  one  melt, 
a  test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

126.  ModiflcatlonB  in  Elimgatioii. — For  material  less  than  A  in.  and  more  than  1  in.  in 
Icness  the  following  modifications  will  be  allowed  in  the  requirements  for  elongation: 

(a)  For  each  A  in.  in  thickness  below  A  '"-.  a  deduction  of  ai  per  cent  will  be  allowed  from 
the  specified  elongation. 

(£)  For  each  }  in.  in  thickness  above  {  in.,  a  deduction  of  I  per  cent  will  be  allowed  from 
the  specified  elongation. 

(c)  For  pins  and  rollers  over  3  in.  in  diameter  the  elongation  in  8  in.  may  be  5  per  cent  less 
than  that  specified  in  paragraph  119. 

129.  Bending  Teats. — Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes 
and  bars  less  than  I  in.  thick  shall  bend  as  called  for  in  paragraph  119,  ,  -.  , 
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130.  Thick  UkterUL — Full-sized  material  for  eye-ban  and  other  steel  I  in.  thick  and  over, 
tested  as  rolled,  shall  bend  cold  tSo  degrees  around  a  pin  tbe^  diameter  of  which  is  equal  to  twice 
the  thiclcness  of  the  bar,  without  fracture  on  the  outside  of  bend. 

131.  Bending  Angles. — Angles  I  in.  and  less  in  thickness  shall  open  flat  and  angles  )  in.  and 
less  in  thickness  shall  bend  shut,  cold,  under  blows  of  a  haoimer,  without  sign  of  fracture.  This 
test  will  be  made  only  when  required  by  the  inspector. 

132.  Nicked  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
{M  the  rivet  rod.  shall  give  a  gradual  break  and  a  fine,  silky,  uniform  fracture. 

133.  Finish. — Fimshcd  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges,  or  other  defects,  and  have  a  smooth,  uniform,  workmanlike  finish.  Plates  36  in.  in  width 
and  under  shall  have  rolled  edges. 

134  Stamping. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of 
the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins  and  rollers  shall  be  stamped  on  the 
end.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marks  on  an 
attached  metal  tag. 

135.  Defective  Haterial, — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  d^ects,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer 
at  hia  own  cost. 

136.  Allowable  Toiiation  in  Weight — A  variation  in  cross-section  or  weight  of  each  fuece  of 
steel  erf  more  than  ai  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  eiurept  in 
case  of  sheared  plates,  which  will  be  covered  by  the  following  pemussible  variations,  which  are  to 
apply  to  »ngle  plates. 

137.  When  Ordered  to  Weight — Plates  laj  lb.  per  square  foot  or  hea^^er; 
(a)  Up  to  100  in.  wide,  a}  per  cent  below  or  above  the  prescribed  weight. 

Plates  i  Inch  and  Over  in  Thickness. 


ThlcbKM 

Ordered.  In. 

Nominal 
Wdght.  lb. 

width  of  Plate.                                                       | 

Up  to  71  in. 

"    iooln.""'" 

100  in.  tmd  up  to 

Over  III  in. 

7-16 
1-1 
9-16 

S-8 
Ovcrs-8 

"-7S 

i7.es 

M.9S 

JS-SO 

14    PC'cent 
g     "      " 

S     "     " 

18    percent 
16     "     " 
IJ     II     II 

1,::  :: 

8     "      " 
6i   '■      ■• 

8     'i 

17  per  cent 
13    II      " 

9   "      " 

Plates  Under  1  Inch  in  Thickness. 

-nilckocM 
Ordered.  In. 

Nominal  Wdglitg 
lb.  per  w.  ft. 

Width  of  Plate.                                               | 

Up  to  so  iD. 

so  in.^and  up  to 

Owr  JO  In. 

1-8   upios-3; 

s-32  '^ "  J-I6 

3-16  "    '■  1-4 

S-ioto   6.37 

6.37  "     7.6s 
7.6s  "   10.20 

7     "     " 

IS    per  cent 

joper   cent 

17 

15    "      " 

(6)  One  hundred  in.  wide  and  over,  5  per  cent  above  or  below. 

138.  Plates  under  13}  lb.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  aj  per  cent  above  or  below. 

(b)  Seventy-five  in.  and  up  to  loo  in.  wide,  5  per  cent  above  or  3  per  cent  below. 

(c)  One  hundred  in.  wide  and  over,  10  per  cent  above  or  3  per  cent  below. 

139.  When  Ordered  to  Gkge. — Plates  will  be  accepted  if  they  measure  not  more  than  .oT 
in.  below  the  ordered  thickness, 

140.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  oo  the  order, 
will  be  allowed  for  each  plate,  if  not  more  than  that  shown  in  the  preceding  tables,  one  cubic  inch 
of  rolled  steel  being  assumed  to  wdgh  0.2833  lb- 
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Spkcul  Mrtals. 

141.  Caat-Iroo. — Except  where.chilted  iron  is  apecified,  castings  shall  be  made  of  tough  gray 
iron,  with  sulphur  not  over  o.io  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free 
from  flaws  and  excessive  shrinkage.  If  tests  are  demanded  they  shall  be  made  on  the  "  Arbitra- 
tion Bar  "  of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar,  I  i  in,  in  diameter 
and  15  in.  long.  The  transverse  teat  shall  be  on  a  supported  length  of  12  in.  with  load  at  middle. 
The  mininium  breaking  load  so  applied  shall  be  3,900  lb.,  with  a  deflection  of  at  least  ^  in.  before 
rupture. 

143.  Wroo^f-Iron  Bars, — Wrought-iron  shall  be  double- rolled,  tough,  fibrous  and  uniform 
in  character,  ft  shall  be  thoroughly  welded  in  rolling  and  be  free  from  surface  defects.  When 
tested  in  specimens  of  the  form  of  Fig.  1,  or  in  full-sized  pieces  of  the  same  length,  it  shall  show 
an  ultimate  strength  of  at  least  50,000  lb.  per  sq.  in.,  an  elon^tion  of  at  least  18  per  cent  in  S  in., 
with  fracture  wholly  fibrous.  Specimens  shall  bend  cold,  with  the  fiber  through  135°,  without 
sign  of  fracture,  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece 
tested.     When  nicked  and  beat  the  fracture  shall  show  at  least  90  per  cent  fibrous. 

WORKHANSmP. 

143.  GenenL — AH  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.     The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modern  bridge 

144.  Strai^tenin||  H&teikL — Material  shall  be  thoroughly  straightened  In  the  shop,  by 
methods  that  will  not  mjure  it,  before  being  laid  off  or  worked  in  any  way. 

145.  Rnish. — Shearing  shall  be  neatly  and  accurately  done  and  all  portions  of  the  work 
exposed  to  view  neatly  finished. 

146.  Rivets. — The  uze  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean  the 
actual  size  of  the  cold  rivet  before  heating. 

147.  Rivet  Holes. — When  general  reaming  is  not  required,  the  diameter  of  the  punch  for 
material  not  over  j  in.  thick  shall  be  not  more  tlun  -fi  in.,  nor  that  of  the  die  more  than  {  in.  larger 
than  the  diameter  of  the  rivet.     The  diameter  of  the  die  shall  not  exceed  that  of  the  punch  by 


•K  than!  the  thickness  of  the  metal  punched. 

148.    Wanitig  a.     "  ** 


_^ Reaming. — In  medium  steel  over  j  of  an  in.  thick,  all  sheared  edges  shall 

be  planed  and  all  holes  shall  be  drilled  or  reamed  to  a  diameter  of  i  oE  an  in.  larger  than  the  punched 
holes,  so  as  to  remove  all  the  sheared  surface  of  the  metal.  Steel  which  docs  not  satisfy  the 
drifting  test  must  have  holes  drilled. 

149.  Punching. — Punching  shall  be  accurately  done.  Slight  inaccuracy  in  the  matching  of 
holes  may  be  corrected  with  reamers.  Drifting  to  enlarge  unfair  holes  will  not  be  allowed.  Poor 
matching  (rf  holes  will  be  cause  for  rejection  by  the  inspector. 

150.  Aflsembtlag. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts  before  riveting  is  commenced.     Contact  surfaces  to  be  painted  (see  { 183). 

151.  Ladnx  Bars. — Lacing  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

153.  Web  StiSeners. — StilTeners  shall  fit  ncatlv  between  flanees  of  girders.  Where  tight 
fits  are  called  for  the  ends  of  the  stiffeners  shall  be  faced  and  shall  DC  brought  to  a  true  contact 
bearing  with  the  flange  angles. 

155.  Splica  PUtm  and  Fillen. — Web  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
fit  within  i  in.  of  flange  angles. 

154.  Web  Plates. — Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
the  backs  of  angles  or  be  not  more  than  J  'n.  scant,  unless  otherwise  called  for.  When  web  plates 
are  spliced,  not  more  than  i  in.  clearance  between  ends  of  plates  will  be  allowed. 

15s.  Connection  Angles. — Connection  angles  for  girders  shall  be  flush  with  each  other  and 
correct  as  to  position  and  length  of  girder.  In  case  milling  is  required  after  riveting,  the  removal 
of  more  than  ^  in.  from  their  thickness  will  be  cause  for  rejection. 

156.  Riveting. — Rivets  shall  be  driven  by  pressure  tools  wherever'  possible.  Pneumatic 
hammers  shall  be  used  in  preference  to  hand  driving. 

157.  Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and  of  eaualsize. 
They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupping  and  callring 
will  not  be  aHowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and  replaced. 
In  cuttine  out  rivets  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If  necessary 
tbev  shalfbe  drilled  out. 

158.  Tnraed  Bolts.— Wherever  bolts  ate  used  in  place  of  rivets  which  transmit  shear,  the 
hcJes  shall  be  reamed  parallel  and  the  bolts  turned  to  a  driving  fit.  A  washer  not  less  than  }  in. 
thick  shall  be  used  under  nut. 

159.  Members  to  be  Straight. — The  several  [Meces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  raemben  shall  be  free  from  twists,  bends  or  open  joints. 
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160.  RniBh  of  Joints. — Abutting  joiDtB  ahall  be  cut  or  dicssed  true  and  straight  aod  fitted 
close  together,  esp^iialLy  where  open  to  view.  In  compression  joints  depending  on  contact 
bearing  the  surfaces  shall  be  truly  faced,  ao  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

161.  Field  Connectloiu. — All  holes  for  field  rivets  in  splices  in  tension  members  carrying 
live  loads  shall  be  accurately  drilled  to  an  iron  templet  or  reamed  while  the  ronnectiog  parts  are 
temporarily  put  together. 

161.  Bfe-Bars.— Eye-bara  shall  be  straight  and  true  to  n<e,  and  shall  be  free  from  twists, 
folds  in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forg- 
ing. Welding  will  not  be  allowed.  The  form  of  heads  will  be  determined  by  the  dies  in  use  at 
the  works  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 
guarantee  the  bars  to  break  in  the  body  with  a  aillm  fracture,  when  tested  to  rupture.  The 
thkknesa  of  head  and  neck  shall  not  vary  more  than  fg  in.  from  the  thickness  of  the  bar. 

163.  Boring  Byo-Ban. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  carefully 
straightened.  Pin  holes  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars  of  the 
same  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  ^  in.  smaller  in  diam- 
eter than  the  pin  holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 

164.  na  HolM. — I^n  holes  shall  be  bored  true  to  gage,  smooth  and  strawht;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  (or.  Wherever  pos- 
sible, the  boring  shall  be  done  after  the  member  is  riveted  up. 

165.  The  distance  center  to  center  of  pin  holes  shall  be  correct  within  ^  in.,  and  the  diameter 
of  the  hole  not  more  than  ^  iu.  larger  than  that  of  the  pin,  for  pina  up  to  5  m.  diameter,  and  -ft  in. 
for  laiger  pins. 

166.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gage  and  shall  be 
stia^ht  and  smooth  and  entirely  free  from  fiaws. 

167.  Pilot  Nnts  and  Field  Bivets. — At  least  one  jnlat  and  one  driving  nut  shall  be  furnished 
for  eacn  size  of  pin  for  each  structure;  and  field  rivets  15  per  cent  plus  10  rivets  in  excess  of 
the  number  of  each  size  actually  required. 

168.  Screw  Threads.— Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  i )  in.,  when  they  shall  be  made  with  six  threads  per  in. 

169.  Annealing. — Steel,  eitcept  in  minor  details,  which  has  been  partially  heated  shall  be 
properly  annealed. 

170.  Steel  CsatlnES.— All  steel  castirws  shall  be  annealed. 

171.  Welds. — Welds  in  steel  will  not  be  allowed. 

173.  Bed  Plates, — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  top  and  bottom.  The  cut  of  the  plamng  tool  ahall  correspond  with  the  direction 
of  expansion. 

173.  Shipping  Details. — Pins,  nuts,  bolts,  rivets,  and  other  small  details  shall  be  bo:red  or 

174.  Wd^t — The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plajn  figures. 

175.  Finished  Weight — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  a  per  cent  of  the  actual  total  weight  of  the  structure  as  computed  from  the  shop 
plans  will  be  allowed  for  excess  weight. 

Additional  Stbcifi cations  When  Genekal  Rsaung  and  Planing  abb  Rsqdiked. 

176.  Planing  Edges. — Sheared  edges  and  ends  ^lall  be  planed  off  at  least  i  in. 

177.  Reaming. — Punched  holes  shall  be  made  with  a  punch  -^  in.  smaller  in  diameter  than 
the  nominal  Nse  (rf  the  rivets  and  shall  be  reamed  to  a  finished  diameter  of  not  taon  than  ^  in. 
larger  than  the  rivet. 

178.  Reaming  after  Asaembtlng. — Wherever  practicable,  reaming  shall  be  done  after  the 
pieces  forming  one  built  member  have  been  assembled  and  firmly  bolted  together.  If  necessary 
to  take  the  pieces  apart  for  shipping  and  handling,  the  respective  pieces  reamed  tc^ther  shall  be 
so  marked  that  they  may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
change of  reamed  parts  will  be  allowed. 

179.  Remoring  Bum. — The  burrs  on  all  reamed  holes  shall  be  removed  by  a  tool  counter- 
sinking about  A  in. 

TlHBEB. 

180.  "nmbef . — The  timber  shall  be  strictly  first-class  spruce,  white  pine,  Douglas  fir.  Southern 
yellow  inne,  or  white  oak  timber;  sawed  true  and  out  of  wind,  full  siie,  free  from  wind  shakes, 
Wge  or  loose  knots,  decayed  or  sapwood,  wormholes  or  other  defects  impairing  its  strength  or 
durability. 


DigilizeoDV  Cookie 


SPECIFICATIONS. 


Paintikg. 


„.  -All  rteel  work  before  leaving  the  shop  shall  be  thoroughly  cleaned  from  all 

kM«e  scale  and  rust,  and  be  given  one  good  coating  of  pure  boiled  linseed  oil  or  paint  as  specified, 
well  worked  into  all  joints  and  open  spaces. 

■  82.  In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted  (with  paint) 
before  bein^  riveted  together. 

163.  Pieces  and  parts  which  are  not  accesable  for  painting  after  erection  shall  have  two 
coats  erf  paint. 

184.  The  paint  shall  be  a  good  qualitv  of  red  lead  or  graphite  paint,  ground  with  pure  linseed 
(h1,  or  such  paint  as  may  be  specified  in  the  contract. 

185.  Alter  the  structure  is  erected  the  iron  work  shall  be  thoroughly  and  evenly  painted 
with  two  additional  coats  of  paint,  mixed  with  pure  linseed  oil,  of  such  quality  and  color  as  may 
be  selected.     Painting  shall  be  done  only  when  the  surface  of  the  metal  is  perfectly  dr^.     No 

Sinting  shall  be  done  in  wet  or  freezing  weather  unless  special  precautions  are  taken.     The  two 
Id  coats  oi  paint  shall  be  of  different  colors. 

186.  Machine  finished  surfaces  shall  be  coated  with  white  lead  and  tallow  before  shipment 
or  before  being  put  out  into  the  open  air. 


Insfection  and  TesTiMC  at  Mnx  akd  tbb  Shops. 


quality  of 
suitable  U 


aa  materials  shall  be  ordered  nor  any  work  done  before  he  has  been  notiliea  as  to  where  the  orders 
have  been  placed  so  that  he  may  arraiwe  for  the  inspection. 

189.  Sm^  Plans. — The  ei^neer  shall  be  furnished  with  approved  complete  shop  plans,  and 
must  be  notified  well  in  advance  of  the  start  of  the  work  in  the  shop  in  order  that  he  may  have  an 
inspector  on  hand  to  inspect  the  material  and  workmanship, 

190.  Shiptdng  InvMces. — Complete  copies  of  shipping  mvoices  shall  be  furnished  the  engineer 
with  (ach  shipment. 

191.  The  engineer's  inspector  shall  have  full  access,  at  all  times,  to  all  parts  of  the  mill  ot 
shop  where  material  under  bis  inspection  is  being  fabricated. 

193.  The  inspector  shall  stamp  each  piece  accepted  with  a  private  mark.  Any  piece  not  sc^ 
marked  may  be  rejected  at  any  time,  and  at  any  stage  of  the  work.  If  the  inspector,  through  an-. 
oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or  contrary  to  the  speci- 
fications, this  material,  no  matter  in  what  stage  of  completion,  may  be  rejected  by  the  engineer. 

193.  Full  Kze  Teats. — Full  uze  tests  of  any  finished  member  shall  be  tested  at  the  mano- 
facturer's  expense,  and  shall  be  paid  for  by  the  purchaser  at  the  contract  price  less  the  scrap  value, 
if  the  testa  are  satisfactory,  if  the  tests  are  not  satisfactory  the  material  will  not  be  paid  for  and 
the  members  represented  by  the  tested  member  may  be  rejected. 

Eebction. 

i^  To«rfi. — ^The  contractor  shall  furnish  at  his  own  expense  all  necessary  took,  stasing  and 
material  of  every  description  required  for  the  erection  of  the  work,  and  shall  remove  the  same 
when  the  work  is  completed. 

All  field  connections  in  the  trusses  and  framework  shall  be  riveted.  Connections  of  purlins 
and  girta  may  be  bolted. 

i9j.  Staks. — ^The  contractor  shall  assume  all  risks  from  storms  or  accidents,  unless  caused 
by  the  negligence  of  the  owner,  and  all  damage  to  adjoining  property  and  to  persons  until  the 
work  is  completed  and  accepted. 

196.  The  contractor  shall  comply  with  all  ordinances  or  regulations  appertaining  to  the 

197.  The  erection  shall  be  csnied  forward  with  diligence  and  shall  be  completed  promptly. 
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.68  STEEL  ROOF  TRUSSES  AND   MILL  BUILDINGS.  Chap.  I. 

RSFESENCBS. — For  data  on  windows  and  glazing;  painta  and  painting;  foundations,  and 
additional  data  and  examplea  of  roof  trusses  and  steel  mill  buildii^e,  see  the  author's 
Deugn  of  Steel  Mill  Buildings."     Thb  book  also  contains  a  full  treatment  of  algebraic  and  graphic 

,  statics;  and  the  calculation  of  stresses  in  simple  framed  structures,  in  the  transverse  bent,  the 
two-hinged  arch,  etc.;  also  contains  34  problems  in  algebraic  and  graphic  statics  illustrating  the 

.  methods  of  calculating  the  stresses  in  roof  trusses  and  other  framed  il 
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CHAPTER  11. 

Steel  Office  Buildings. 

atdeton  CotutrnctloiL — Skeleton  construction  is  a  builtling  where  all  external  and  h 
loads  and  streaaes  are  tranaferred  from  the  top  of  the  building  to  the  foundations  by  a 
framework  of  steel  or  reinforced  concrete.  In  steel  skeleton  construction  the  fiamework  con- 
sists of  columns,  floorbeams,  girders,  trusses,  and  diagonal  and  transverse  biacing.  The  steel 
trusses  have  riveted  connections  and  all  connections  in  the  scecl  framework  should  be  riveted. 

Kre  Rasistiiig  Conatnictioii. — To  protect  the  structural  steel  from  fire  the  framework  is 
covered  with  materials  that  are  slow  heat  conducting  or  "fireproof  material."  The  steel  frame- 
work may  be  fireproofed  with  reinforced  concrete,  brick,  tiles  of  burnt  clay,  or  terra  cotta.  The 
windows  on  exposed  sides  and  elevator  enclosures  are  glazed  with  wire  glass  set  in  metal  frames  or 
are  protected  with  fire  shutters.  Doors  and  other  exposed  openings  are  protected  with  fire  doors 
or  ghuttcTB.  The  interior  finish,  doors,  etc.  should  be  of  metal  and  every  precaution  should  be 
taken  to  (Movent  the  spread  of  fire.  Reinforced  concrete  fireproofing  is  usually  made  of  the 
following  thickness:  For  columns,  trusses,  girders  or  other  very  important  members  at  least  a 
inches  of  concrete  outside  of  the  metal  reinforcement;  for  ordinary  beams  or  long  span  floor  slabs 
or  arches,  l)  iDcbes  of  concrete  outside  of  the  reinforcement,  and  for  short  span  floor  arches  and 
dabs,  partitions  and  walls  at  least  i  inch  outside  the  metal  reinforcement.  Fireproofing  of  brick, 
tile  or  terra  cotta  te  usually  made  with  a  thickness  of  not  less  than  4  inches  for  columns  and  the 
main  framework.  Metal  flanges  should  be  protected  with  not  less  than  3  inches  of  fireproofing 
at  any  pcont. 

TABLE  I. 


MMobl. 

WtUhi. 

Maloial. 

WeUht. 

ISO 

170 
170 
160 
150 
40 
160-180 
S3 

«7S 
45 

i 

6ii 
5 

SO 
2S 

Hemlock 

*s 
30 
40 

so 

150 
no 

IJ0-I40 

140 

ISO 
140-150 

% 

490 
711 
♦90 

SiJ 

"^'^n'M^g".^. :;:::::::; 

Granite 

Rubhle  masonry,  sanditone  

Ashlar          "         sandstone 

'■'••'""  "'Si;::::::: 

CoJasbe* 

„"     .           "         granite 

Gtssi         .   .. 

Tteei       ::::::: 

Snow,  freshly  fallen 

"      packed 

Plaster,  ceiling  10  to  15  lb.  per  »q.  ft. . 
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STEEL  OFFICE  BUILDINGS. 


Chap.  II. 


For  detaila  and  data  on  fireproofing  and  fireproofing  materials,  aee  Freitag'a  "  Fire  PceventioQ 
and  Fire  Protection,"  and  Kidder's  "  ArcIiitectB  and  BuUdera  Pocket  Book." 

LOADS. — The  loads  coming  on  office  buildings  may  be  grouped  under  the  following  headings: 
(l)  dead  loads;  (s)  live  loads;  {3)  wind  loads;  (4)  snow  loads;  (5)  miscellaneous  loads. 

Dead  Load. — The  "dead  load"  includes  the  weight  of  the  structure,  and  other  permanent 
fixtures  and  machines.  A  formula  for  the  weight  of  roof  trusses  is  given  in  Chapter  I.  The 
weights  of  materials  are  given  in  Table  I.  The  actual  weights  of  all  dead  loads  should  be  calcu- 
lated. The  minimum  weight  of  a  fireproof  floor  should  be  taken  at  not  leas  than  75  lb.  per  sq.  ft- 
of  floor  surface.     In  office  buildings  a  minimum  of   10  lb.  per  aq.  ft.  should  be  added  for  movaUe 

WEIGHT  OP  STBEL  IN  TALL  BUILDUroS.— The  weight  of  the  steel  framework  for  tall 
steel  buildings  varies  with  the  height,  the  column  spacing,  the  floor  loads  and  other  conditions. 
The  wdgbts.of  steel  per  cubic  foot  for  several  tall  ateel  buildings  are  given  in  Table  II.  In  calcu- 
lating the  weight  per  cubic  foot  only  the  part  of  the  building  above  the  curb 


TABLE  II. 
Weight  op  Stbsl  in  Tall  Boildimgs,  Pounds  pbb  Cubic  Foot. 


Banding. 

s,"K. 

Hdcht. 

ssi 

Referepce. 

Staria. 

Ft. 

Park  Row  BuUding,  New  York., 
Hotel  Astot  (addition).  New 

iS,ooo 

«,Jo6 

9,018 
3,9S» 

■3.23" 
31,000 
42,686 
S,ooo 

SS.000 
39.S<» 
9+,ooo 

36 
9 

;i 

55 
7 

307 

543 

775 

i^ 

us 

3.6 
3.6 

a 

i-3 
3.0 
3.6 
i.i 

3.8 

3.0 
3.8 

Eng.  News,  Oct.  8,  1896 

Eng.  Record,  Oct.  14,  1911 

Eng.  Record,  Feb.  11,  1911 
Eng.  Record,  April  I,  1911 
Eng.  Record,  May  37,  1911 
Eng.  Record,  May  37,  191 1 
Eng.  New^  July  37,  191 1 
Eng.  News.  July  as.  '9" 

Eng.  Record,  May  II,  1911 
Eng.  Record,  Mar.  30,  1913 
Eng.  Record,  July  9,  1910 
Deaigned  by  die  author 

Banker's  Trust  Building,  New 
York 

Underwood  BuUding,  New  York  . 

Hotel  Rector,  New  York 

Woolworth  Building,  New  York, 
Municipal  Building,  New  York. . 
Poole  Broi.  Printbg,  Chicago..  . 
Mcrchanta  S  Mfga.  Erchaage, 
New  York 

Hotel  McAlpin,  New  York 

Office  Building,  Denver 

lira  Loads. — The  live  loads  on  floors  are  commonly  given  in  pounds  per  square  foot.  Tfae 
minimum  live  loads  in  pounds  per  square  foot  as  required  by  the  buildings  laws  of  several  cities 
are  given  in  Table  III. 

Mr.  C.  C.  Schneider,  M.  Am.Soc.  C.  E.,tn  his  "General  Specifications  for  Structural  Work  of 
Buildings"  gives  the  following  requirements  for  live  loads  on  floors. 

"Table  IV  ^ves  the  'live'  load  on  floors,  to  be  assumed  for  different  classes  of  buildings. 
These  loads  consist  of:  (a)  A  uniform  load  per  square  foot  of  floor  area;  (b)  A  concentrated 
load  which  shall  be  applied  to  any  point  of  the  floor;  (c)  A  uniform  load  per  linear  foot  for  girders. 
The  maximum  result  is  to  be  used  in  calculations.  The  specified  concentrated  loads  shall  alao 
apply  to  the  floor  construction  between  the  beams  for  a  length  of  $  ft." 
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LIVE  LOADS. 

TABLE  in. 

F^,ooRS  AMD  Roofs. 

Mnomni  Livs  Loads,  Pounds  per  Squass  Foot. 

By  Building  Laws  of  Various  Cities. 

American  Bridge  Company. 


IQDd  of  BoDdlnt. 

P 

1« 

1' 

1% 

H 

i^ 

2^ 

U 

as 

1 

SO 

60 

70 

60 

so 

1 

Bo 
ISO 

40 

60 

60 

90 

I» 

7S 
i»S 

7S 

in 

I»S 

"5 
ISO 
ISO 
ISO 

so 

100 

100 

IIS 
75 
"S 
IIS 

90 

»oo 

90 
60 

70 

S 

"^' 

40 

60 

"d 

SO 
100 
so 

HoteU          

60 

70 

60 

70 

so 

SO 

60 

60 

80 

So 

"S 

110 

ISO 

"S 

IIS 

US 

100 

ISO 

"S 

uSrScttTrii.':;::::::::::::::":::::"': 

ISO 

ISO 
7S 
ISO 

ISO 

ISO 
100 



»SO 
"S 

7S 
'SO 

100 

lis 

70 

lOo 
IIS 

& 

ISO 

MS 

•8 

ISO 

12s 

ISO 

100 
SO 

"SO 

ISO 
70 

ISO 

60 
80 

80 

60 
"S 

7S 
90 

JOO 

7S 

7S 

70 
70 

40 

75 

100 

7S 
i»S 
ISO 

7S 

100 
100 

40 

70 
70 
40 

So 
80 
40 

Si 

Roof.— Flatt 

so 

JO 

■% 

40 
"jo 

»s 

IS 

IS 

40 

30 
30 

3° 

20 

30 

10 

t  Fim  Floon  aoo. 

t  Shpe,  leu  Ihan  20  degreet. 

II  High  Buildingi,  built  up  diitricts,  35  pouni 

meb. 
S!i4 

ildingt,  corrugated  iroi 
Btoriei  or  over,  2$  pou 

ndude  machinery. 

1  roofo.  JS 
di  at  tentf 

)ounda. 
story,  li 

,0,  Google 


STEEL  OFFICE  BUILDINGS. 

TABLE  iV. 

Table  op  Live  Loads,  ScaKEutEK's  Specifications. 

LIveLowlili 


Dwelling*,  hotel),  apartment-houses,  dormitories,  hos- 

Oftice  buildings,  upper  stories 

Schooirooms,  theater  galleries,  churches 

Ground  floors  of  ofhce  buildings,  corridors  and  stairs  in 

public  buildings 

Assembly  roonis,  main  floor*  of  theaters,  bdlroonu,  ( 

gymnasia,  or  any  room  likely  to  be  used  for  drilling  ■( 

or  dancing t 

Ordinary  stores  and  light  manufacturing,  stable*  and 

carriage-houses , 

Sidewalks  in  front  of  buildings 

Warehouses  and  factories 

Charging  floors-for  foundries , 

Power  houua,  for  uncovered  floors 


Special 


Tfae  actual  weights  of 
engine*,  boiler*,  atacks, 
etc.,  shall  be  used,  but  Id 
no  case  less  than  loO  lb. 
per  »q.  ft. 


"  If  heavy  concentrations,  lilce  safes,  armaturea,  or  special  machinery,  are  likely  to  occur  on 
floora,  provision  should  be  made  for  them.  For  structures  carrying  traveling  machinery,  such 
as  cranes,  conveyors,  etc.,  35  per  cent  shall  be  added  to  the  stresses  resulting  from  such  live  load, 
to  provide  for  the  effects  of  impact  and  vibration." 


rational  method  yet  proposed.  In  the 
has  used  an  equivalent  distributed  load 
:  omitted  the  concentrated  load  and  load 


Mr.  Schneider's  mcthcxi  for  live  loads  is  the  mi 
design  of  floor  slabs  when  using  this  method  the  auti 
equal  to  twice  the  distributed  loads  in  Table  IV,  and 
per  lineal  foot  of  girders. 

The  floor  loads  on  warehouses  and  the  recommended  floor  loads  per  sq.  ft.  have  been  tabu- 
lated by  the  American  Bridge  Company  in  Table  V. 

Wind  Loads. — -The  wind  loads  required  by  different  cities  are  given  in  Table  III. 

Schneider's  specifications  for  wind  load  are  as  follows: 

"The  wind  pressure  shall  be  assumed  as  acting  in  any  direction  horiaontally;  First, — At  20 
lb.  per  sq.  ft.  on  the  sides  and  ends  of  buildings  and  on  the  actually  exposed  surface,  or  the  vertical 
projection  of  roofs;  Second. — At  30  lb.  per  sq.  ft.  on  the  total  exposed  surfaces  of  all  parts  1 
posing  the  meta!  framework.     The  framework  shall  be  considered  e  '   '    '  •     ■     ■ 

without  walls,  partitions  or  floors." 


1  independent 


Additional  data  on  wind  loads  are  given  in  Chapter  I. 

Snow  LoadB.-— The  snow  loads  on  roofs  are  given  in  Fig.  i,  Chaptei 


Schneider's  specifications  require  "A  snow  load  of  35  lb.  per  sq.  ft.  of  horizontal  projection    ' 
of  the  rooF  for  all  slopes  up  to  lo  degrees;  this  load  to  be  decreased  i  lb.  for  every  degree  dl  increase 
of  dope  up  to  45  degrees,  above  which  no  snow  load  is  to  be  considered.     The  above  snow  loads 
are  minimum  values  for  localities,  where  snow  is  likely  to  occur.     In  severe  climates  these  snow 
loads  should  be  increased  in  accordance  with  the  actual  conditions  existing  in  these  localities."        I 
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FLOOR   LOADS. 
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STEEL  OFFICE  BUILDINGS. 


MltilmnTn  Roof  LoKds. — Schocider'B  tpedficatioas  oi 


vBTtically,  to  provide  for  dead,  wind  and  hi 

TABLE  VI. 
MiNiuim  Loads  os  Roofs. 

f  On  boards,  flat  a\ope,  I  to  6,  or  len 50  lb. 

Gravel  or  Compoutioii  Roofing  -j  On  boards,  steep  uo^,  more  than  1  to  6 45  " 

I  On  3-in.  flat  tile  or  cinder  OMicrete 60  " 

Corrugated  sheedog,  on  boards  or  purling 40  " 

SlatP  J*^''*'''^^""P"''''" 5**  " 

I  On  3-iii.  flat  tile  or  cjuder  concrete 65  " 

Tile,  on  rteel  purlins 55" 

Claw 45  " 

"For  roofs  11 

9q.  ft.,  but  nc 

LIVB  LOADS  ON  COLXTMNS.— Schneider's  specifications  require  that: 

"For  columns,  the  specified  uniform  live  loads  per  square  foot.  Table  IV,  shall  be  used, 
with  a  minimum  of  ao,ooo  lb.  per  column. 

"For  columns  carrying  more  than  five  floors,  these  live  loads  may  be  reduced  as  fallows: 

"For  columns  supporting;  the  roof  and  top  floor,  no  reduction; 

"For  columns  supporting  each  succeeding  (toor,  a  reduction  of  5  per  cent  of  the  total  live 
load  ma_y  be  made  until  50  per  cent  is  reached,  which  reduced  load  shall  be  used  for  the  columns 
supportu^;  all  remaining  floors." 

The  Chicago  Building  Ordinance  (1911)  requires  that  live  loads  on  walls,  columns  and  piers 
be  taken  as  fdlows: 

"  (a)  The  full  live  load  (see  Table  III)  on  roofs  of  all  buildings  shall  be  taken  on  walls,  piers. 


loads  and  not  less  than  the  proportion  of  the  live  load  given  it 
TABLE  VII. 
Percbmtack  of  Live  Load  for  Coluhks. 
Chicago  Building  Ordinance  (1911). 


o  carry  the  full  dead 
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"  (c)  The  proportion  of  the  live  load  on  walls,  piers,  and  columns  on  buildings  n 
nteen  stories  in  height  slial!  be  taken  in  same  ratio  as  the  above  table- 
"  (d)  The  entire  dead  load  and  the  percentage  of  live  load  on  basement  columns, 
walls  shall  be  taken  in  determining  the  stress  in  foundations."  -.  . 


FOUNDATIONS. 
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LOADS  ON  FOUHDATIONS. — ^Schoeider'a  spedficationB  require  that: 

"The  live  loads  an  ccdumiu  shall  be  assumed  to  be  the  same  as  for  the  footings  of  columns. 
The  areas  of  the  bases  of  the  columns  shall  be  proportioned  for  the  dead  load  only.  That  fouada- 
tioa  which  receives  the  largest  ratio  of  live  to  dead  load  shall  be  selected  and  proportioned  for  the 
combioed  dead  and  live  loads.  The  dead  load  on  this  foundation  shall  be  divided  by  the  area 
thus  found  and  this  reduced  pressure  per  square  foot  shall  be  the  permissible  working  pressure  to 
be  used  tor  the  dead  load  for  all  foundatiooB." 

ntESSUItS  OH  FOUNDATIONS.— The  following  allowable  pressuns  may  be  used  in 
the  abaence  of  definite  data.  No  important  structure  should  be  built  without  the  making  of 
careful  tests  of  the  bearing  power  of  the  soil  upon  which  it  is  to  rest. 

The  kads  on  foundations  should  not  exceed  the  following  in  tons  per  square  foot: 

Ordinary  clay  and  dry  sand  mixed  with  clay a 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm,  coarse  sand 4 

Firm,  ccane  sand  and  gravd 5 

Shale  rock 8 

Hard  pack 20 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc,  never  more  than  one  ton  per  square  foot. 
The  Chici^^  Building  Ordinance  (1911)  requires  that: 
"(a)  If  the  aca\  is  a  layer  of  pure  clay  at  least  6rteeD  feet  thick,  without  admixture  of  any 

foreign  substance  other  than  gravel   it  shall  not  be  loaded  to  exceed  3,500  lb.  per  sq.  ft.     If  the 

soil  is  a  layer  of  pure  clay  at  least  fifteen  feet  thick  and  is  dry  and  thoroughly  compressed,  it  may  be 

kiaded  not  to  exceed  4,500  lb.  per  sq.  ft. 

"  (b)  If  the  soil  is  a  la^er  dF  firm  sand  fifteen  feet  or  more  in  thickness,  and  without  admixture 

of  day,  loam  or  other  foreign  substance,  it  shall  not  be  loaded  to  exceed  5,000  lb.  per  sq.  ft. 

(c)  If  the  soil  is  a  mixture  of  clay  and  sand,  it  shall  not  be  loaded  to  exceed  3,000  lb.  per 

sq.ft. 

"Foundations  shall  in  all  cases  extend  at  least  four  feet  below  the  surface  of  the  ground 

upon  which  they  are  built,  unless  footii^s  rest  on  bed  rock." 

PSBSSUSS  ON  HASONRT.— The  allowable  stresses  in  masonry  and  pressures  of  Ijeams, 
giideis,  column  bases,  etc  on  masonry  as  given  in  Table  VIII  represent  good  practice. 


Allowable  Stkesses  : 


TABLE  VIII. 
I  Masonry  and  Pressures  op  Bearing  Plates. 


ElDd  of  Uanoiy. 

.a^fe 

Platea  and  Colnnuu  on 
Mamiy,  Lb.  per  Sq.  In. 

Common  Brick.  Portland  Cement  Mortar 

Hard  burned  brick.  Portland  Cement  Mortar 

Rubble  MnoDry.  Portland  Cement  Mortar 

170 

aio 

170 

zSo 

400  ■ 

300 

400 

400 

JOO 

3S0 
300 
350 

IS 
IS 

600 
400 

BEAKINO  POWBR  OP  PILES.— The  maximum  load  carried  by  a  pile  should  not  exceed 
40,000  lb.  Piles  should  be  driven  not  less  than  10  ft.  in  hard  material,  nor  leas  than  20  ft.  in  soft 
material  if  the  pile  is  to  be  loaded  to  full  bearing.  The  safe  load  should  not  exceed  that  given  by 
the  Engineering  News  formula  (i),  Chapter  XIV. 

THICKNESS  OF  WALLS.— The  minimum  thickness  of  curtain  walls  in  steel  skeleton 
buildii^  should  be  13  in.  for  brick  or  concrete  and  8  in.  for  reinforced  concise.., 
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Schnrider'a  tpedfications  give  the  foUowii^  empirical  rule  for  calcuiatiiiK  the  thicknesB  tt 
walls  in  buildingB  several  stories  in  height. 

"The  minimum  thickneas  of  walls  will  be  givea  by  the  formula 

(  -  L/4  +  Cff.  +  ft  +  ■  ■  ■  +  tf .)/6 
where  t  —  minimum  thickness  of  wall  in  inches,  L  —  unsui>ported  len^h  tn  feet,  which  shall  be 
assumed  as  not  less  than  34  ft.;  and  H,,  Ht,  ft,  etc.  the  heights  of  stories  in  feet  beginning  at  the 
top.     Cellar  walls  are  to  be  4  in.  thicker  than  the  first  story  walls," 

The  Chicago  Building  Ordinance  (igil)  contains  the  following: 

"  (a)  Brick,  stone,  and  solid  concrete  walls,  except  as  otherwise  provided,  shall  be  of  the 
thickness  in  inches  indicated  in  the  following  table:" 

Thickness  of  Walls. 
Chicago  Building  Ordinance  (191 1). 


>„„. 

^.                         1 

' 

4 

s 

6 

T 

s 

9 

10 

II 

» 

One-sto 

16 
16 

I* 
24 

38 
18 

16 
10 

JO 

^4 
H 
18 
18 
z8 

16 

10 

i4 
H 
38 

28 

16 
16 

»4 
24 

*4 
14 

34 

16 
16 
16 

H 
14 

16 
16 
16 

!4 

i5 
16 
16 

16 
16 

if' 
16 
16 

16 
16 
16 

16 
16 

16 

Three-story 

Seven-story 

Eight-story 

Eleven-story 

Twelve-stofy .-...,- 

WATERPROOFINO.— For  methods  of  waterproofing  walls,  floors,  etc.,  see  methods  <A 

waterproofing  bridge  floors  in  Chapter  IV. 

CALCOLATION  OF  WIND  LOAD  STRESSES.— (1)  The  wind  load  on  the  sides  of  the 
■teel  frame  in  a  building  in  which  the  wind  bracing  is  all  in  the  outside  walls  of  the  building  will 
be  carried  to  the  ends  of  the  building  by  meana  of  bracing  in  the  plane  of  each  floor  or  by  the  floor 
dabs  where  the  floors  are  made  of  reinforced  concrete,  and  the  loads  will  then  be  transferred  to 
the  foundations  by  means  of  bracing  in  the  planes  of  the  ends  of  the  building.  In  calculating  the 
stresses  in  the  bracing  in  the  snd  panels  it  is  usual  to  assume  that  the  wind  load  carried  by  each 
braced  bent,  consisting  of  two  columns,  together  with  the  floor  girders  and  wind  bracing,  is  equal  1 
to  the  total  wind  load  divided  by  the  number  of  braced  panels  in  the  plane.  This  was  the  method  | 
used  in  calculating  the  stresses  in  the  Singer  Tower,  New  York.  (2)  As  usually  constructed  the 
interior  columns  have  brackets  and  only  part  d  the  wind  load  will  be  transferred  to  the  ends  or 
sides  of  the  building,  the  remainder  of  the  wind  load  will  be  transferred  to  the  foundations  by 
portal  action  and  flexure  in  the  columns  and  beams.  It  is  not  possible  to  determine  the  proportion 
of  the  wind  load  that  will  be  taken  by  the  main  framework  and  by  the  ends  of  the  building,  as  the 
stresses  in  the  framework  are  statically  indeterminate.  During  erection  and  before  the  floors  ] 
have  been  put  in  place,  or  with  types  of  floors  which  do  not  increase  the  rigidity  of  the  building  in  I 
horizontal  planes,  the  wind  loads  will  all  be  taken  by  the  framework  normal  to  the  side  of  the 
building  upon  which  the  wind  blows.  This  wind  load  ia  commonly  taken  as  30  lb.  per  sq.  ft.  of 
all  framework  exposed.  When  rigid  Hoors  have  been  put  in  place  and  the  building  is  completed  ! 
the  wind  load  will  be  taken  by  the  end  transverse  frames  and  the  intermediate  transverse  frames, 
in  proportion  to  the  relative  rigidity  of  the  two  frameworks.  In  a  long  narrow  building  with  I 
eflicient  wind  bracing  in  the  intermediate  framework,  practically  all  the  wind  load  will  be  taken 
directly  to  the  foundations  by  the  transverse  intermediate  bents;  while  in  the  direction  of  the  I 
length  of  the  building,  practically  all  the  wind  load  will  be  carried  by  the  bracing  in  the  sides  of 
the  building.     For  a  building  as  long  as  wide  with  rigid  floors  and  cflicient,transvepe  framework  . 
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and  efficient  iriod  bradng  in  the  ends  and  sidea  oS  th«  building,  it  would  appear  reasonable  to 
assume  that  in  the  completed  building  one-half  the  wind  load  will  be  taken  by  the  intermediate 
transverse  framework,  and  one-half  will  be  tiansfened  by  means  of  tlie  floors  to  the  ends  of  the 
building  and  then  tianoferred  to  the  foundations  by  means  of  wind  b^acit^;  in  the  ends  of  the 
building.  The  author's  specifications  permit  reinforced  concrete  floors  to  be  considered  as  assisting 
in  transferring  wind  loads  in  finished  buildings,  but  most  specifications  require  that  the  steel 
framework  be  required  to  carry  all  the  wind  loads  in  the  completed  structure. 

The  transverse  intermediate  framework  usually  consists  of  cdumna  and  floor  Orders,  in 
which  the  fioor  prdera  have  brackets  or  knee  braces  at  the  ends  to  increase  the  rigidity  of  the 
framework.  It  will  be  seen  that  it  is  not  only  impoesible  to  calculate  the  amount  of  wind  load 
that  is  taken  by  each  intermediate  transverse  framework,  but  that  the  intermediate  transverse 
framework  is  itself  statically  indeterminate.  In  addition  to  being  statically  indeterminate  it  is 
not  possible  to  determine  the  sizes  of  the  columns  and  floor  girders  until  after  the  wind  stresses 
are  determined.  With  a  given  framework  in  which  the  sizes  of  the  members  and  the  loads  are 
given  the  stresses  may  be  calculated  by  taking  into  account  the  deformations  of  the  structure  or 
by  the  "Theory  (J  Least  Work."  From  the  above  it  can  easily  be  seen  that  an  exact  solution  of 
th?  wind  streases  in  a  tall  steel  frame  building  is  impracticable  and  that  an  approximate  practical 
solution  must  be  used.  Three  approximate  methods  for  calculating  the  wind  stresses  in  tall 
steel  frame  buildings  are  described  by  Mr.  R.  Fleming  in  Eng.  News,  March  13,  1913.  The  third 
method  described  by  Mr.  Fleming,  and  known  as  the  "Continuous  Portal  Method,"  follows  the 
method  of  the  continuous  portal  given  in  the  author's  "  Design  of  Steel  Mill  Buildings"  and  is  the 
method  in  most  common  use.  This  method  will  now  be  described  and  some  of  its  limitations 
will  be  shown. 

Problem. — A  transverse  intermediate  frame  bent  consisting  of  four  columns  with  bracketed 
floor  girders  will  be  taken  as  in  Fig.  i.  The  wind  loads  are  assumed  as  acting  in  the  planes  of  the 
floors  as  shown.  It  will  be  assumed;  (i)  That  the  framework  is  rigid,  that  is  the  columns  and 
floor  girders  do  not  change  their  lei^hs.  (2)  That  each  of  the  four  columns  takes  one-fourth 
of  the  shear.  (3)  That  the  points  of  contra-flexure  in  the  columns  are  midway  between  the  floors. 
(4)  That  the  vertical  components  ol  the  stresses  in  the  columns  vary  as  the  distance  from  the 
center  of  the  building,  or  center  of  gravity  of  the  columns. 

The  shear  in  each  column  between  the  6th  floor  and  the  roof  will  be  1,000  lb-  The  shear  in 
each  column  between  the  5th  and  6th  floors  will  be  a, 300  lb.  The  shear  in  each  column  between 
the  4th  and  5th  floors  will  be  4,000  lb.  The  shears  in  the  other  columns  are  shown  in  Fig.  i. 
The  bending  momenta  at  the  tops  of  each  column  between  the  6th  floor  and  the  roof  is  Jtf  — 
+  1,000  lb.  X  6  ft.  =•  -f  6,000  ft.-lb.  To  calculate  the  vertical  uresses  in  the  columns  in  the  top 
«tory  take  moments  about  a  plane  cutting  the  columns  in  the  points  of  contra-fl^ture.  Then 
since  the  stresses  vary  as  the  distance  from  the  center  of  the  buildii^, 

V,  X  H  ft.  +  r,  X  8  ft.  -  K.  X  8  ft.  -  r*  X  34  ft. 

-  4,000  lb.  X  6  ft. 

-  34,000  ft.-lb. 

■  "^  7.  -  -  F<  -  3V.  =  -  3*'., 

and 

I'sCa  X  24  +  8  +  8  +  3  X  24)  ft-  -  a4.«»  ft.-lb 

V,  -  ^^  lb.  -  ISO  lb.  -  -  7, 


The  bendii^  moment  in  the  floor  girder  at  the  top  of  column  No.  I  must  be  if  —  —  6,000 
ft.-lb.,  and  will  be  equal  to  the  vertical  stress  in  column  No.  i  multiplied' by  the  (Kstarure  to  the 
point  of  contra-flexure.    Tbe  polftt  of  contni-flexure  in  floor  girder  9-3  will  be  at  the  center  of 
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tbe  pand,  while  the  pcnnt  of  contia-Oexure  in  floor  girder  3-4  will  be  13  ft.  4  in.  from  column 
No.  4.  The  bending  momenta  at  the  top  of  column  No.  2  will  be  jUi  —  +  6,000  ft.-lb.;  in  the 
riglit  end  of  floor  girder  1-3  will  be  Mt-*  —  —  450  lb.  X  3  ft.  8  in.  »  —  i,aoo  ft.-lb.;  in  the  left 
end  of  floor  prder  3-3  will  be  Mx-*  —  —  600  lb.  X  8  ft.  °>  —  4,800  ft.-lb.  It  will  be  seen  that 
the  aum  of  tbe  bending  moments  equab  zero  and  tbe  point  is  in  equilibrium.  The  bending 
sratDenta  at  tbe  topa  of  columns  No.  3  and  No.  4  are  calculated  in  the  same  manner.  The  direct 
•tress  in  floor  girder  3-^  is  4,500  lb.,  in  floor  girder  2-3  is  3,000  lb.,  and  in  floor  girder  1-2  is  1,500  lb. 

In  the  plane  of  the  6th  floor  the  bendii^  moments  at  the  foot  of  the  columns  between  the 
6th  floor  and  the  roof  will  be  Jlf  —  +  6,000  ft.-lb.,  while  the  bending  moments  in  the  columns 
below  the  6th  floor  will  be  if  =■  2,500  lb.  X  6  ft.  "  +  15,000  ft.-lb.  The  bending  moments  in  the 
Boor  girders  are  calculated  as  for  the  roof  girders.  It  will  be  seen  that  the  sum  of  tbe  bending 
moments  at  each  intersection  of  columns  and  floor  girders  equals  zero  and  the  structure  is  in 
sacic  equilibrium.  The  remainder  of  the  vertical  stresses,  horizontal  stresses  and  bending 
noments  are  easily  calculated  in  the  same  manner. 

limitaticui  of  Mstbod. — When  the  transverse  framework  consists  of  more  than  four  bays 
{five  columns)  the  solution  above  locates  the  point  of  contra-ilexure  of  the  leeward  floor  ^rder 
in  the  second  panel,  and  the  method  fails,  as  the  point  of  contra-ftexure  in  the  girder  must  not 
Fall  outside  of  the  ^rder.     For  a  taide  buiiding  the  shears  cannot  be  taken  tquai. 

DUttibutioo  of  Shears. — In  the  above  solution  it  is  assumed  that  the  shear  is  taken  equally 
by  the  columns.  If  the  columns  do  not  have  the  same  cross-section  this  assumption  will  not  be 
»rrect.  If  the  columns  do  not  have  the  same  cross-section  the  condition  that  the  deflection  of 
be  points  of  contra-flesure  in  each  story  are  equal  will  require  that  the  shears  in  the  ctdumns 
le  in  proportion  to  the  moments  of  inertia  of  the  cross-sections  of  the  columns. 

For  buildings  having  a  greater  width  than  four  bays  the  most  consistent  method  is  to  calcu- 
ite  the  shear  in  the  outside  columns  so  that  the  points  of  contra-flexure  in  the  floor  girders  will 
lot  fall  outside  the  girder,  the  remainder  of  the  shear  being  equally  divided  among  the  inside 
olumns. 

ALLOWABLE  STRESSES.—The  allowable  stresses  in  the  steel  framework  of  high  buildings 
bould  be  taken  the  same  as  for  steel  frame  buildings  in  Chapter  I.  It  is  usual  to  add  35  per  cent 
o  the  live  load  stresses  due  to  cranes  and  vibratii^  machinery  to  provide  for  impact. 

Compaiiscni  of  CompreuJon  FomuiUB. — The  standard  formula  for  the  design  of  compression 
oembers  adopted  by  the  Am.  Ry.  Eng.  Assoc.,  is  used  by  the  author  in  his  "Specifications  for 
iteel  Frame  Buildings"  in  Chapter  1,  and  by  the  building  ordinance  lA  Chicago.    The  A.  R.  E.  A. 


P  -  16,000  -  70i/r 


(l> 


rbere  P  -  unit  stress  in  lb.  per  sq.  in.;  I  —  length  and  r  —  least  radius  of  gyration  of  the  column 
a  inches.     The  maximum  value  of  P  is  taken  as  14,000  lb. 

lite  American  Bridgs  Company's  Formula. — The  American  Bridge  Company  has  adt^ed 
he  following  formula  for  the  design  of  compression  members. 
Axial  compression  of  gross  sections  of  columns,  for 

ratio  of  Ijr  up  to  120 19,000  —  looj/r 

with  a  maximum  of 13,000 


Rado. 

Amoopt. 

Rstlo. 

Amount. 

60 

13000 

IJO 

6500 

70 

IIOOO 

140 

6000 

IS 

SSOO 

90 

toooo 

5000 

9000 

170 

4S00 

180 

4000 

IJO 

7000 

190 

3S<» 

c.s.,=j  I,  Google 


80 

STEEL  OFFICE  BUILDINGS. 

Chap.  II. 

where  I  =  effective  length  o(  members  in  incbeB, 

r  -  corref 

pondii^  radius  of  gyration  of  aectian  in  inches 

For  ratios  of  Ifr  up  to  I30,  and  (or  greater  ratios  up  to  i 

00,  use  the  amounU  given  in  the 

precedii^  table. 

For  intermediate  ratios,  use  proportional  amc 

unls. 

A 

comparison  of  several  compression  formulas  is  given  in  Table  IX. 

TABLE  rX. 

CoMPAKisoN  or  CokPBBssiON  FORUULAS. 

Allowablk  Unit  Stbksses  in  Pounds  per 

Square  Inch. 

American  Bridge  Company. 

K«dmm. 

' 

16.000-70  y 

■6,aso 

14.000  max. 

'   '  36.000.' 

'+n:ii^ 

'+s;^^ 

o 

14  000 

16  350 

16  000 

16  IIS 

IS  980 

13  000 

14  000 

11460 

14620 

IS  810 

13  000 

14  000 

1236s 

14  040 

IS  690 

*S 

IJ  000 

14  000 

n  i8s 

13  7SO 

IS  37S 

IS  SIS 

JO 

13  000 

13  900 

12  19s 

1}  4i5o 

IS  ojo 

IS  310 

13  000 

13  sso 

12  090 

IJ  170 

15  07s 

40 

13  <xx, 

!3  100 

II  970 

14  18s 

14  Bis 

13  000 

"IH 

II  S90 

13  71S 

14  S30 

10 

13  000 

12  SOO 

1.690 

12  300 

13  240 

14  aio 

"530 

12  010 

"  36s 

11    720 

13  560 

61 

u  soo 

11  4S0 

II  185 

II 430 

II  740 

13  210 

70 

II  000 

11  140 

II  140 

12  8so 

71 

I0  7S0 

I08SO 

I0  7S0 

12  490 

Bo 

It  000 

10400 

10  615 

10  s6o 

10  27S 

12  110 

m 

10  soo 

10  050 

10  410 

10  270 

9  810 

II  7SS 

■» 

9  700 

10  ws 

9980 

9  360 

II  390 

9S 

9  SOO 

9  JSO 

9  99S 

9  690 

II  025 

9  000 

9  000 

978s 

9400 

8  sio 

10s 

8500 

8  6so 

9  570 

9  110 

8  IIS 

10  31S 

8  300 

9  3SS 

7  740 

9970 

"S 

7  500 

7  950 

9  140 

BS30 

7380 

96J0 

7  000 

8  9JO 

8  J40 

7  03s 

9  300 

"1 

6  7SO 

7  iso 

671S 

130 

6  soo 

6  900 

B  sio 

6405 

6  aso 

6  IIS 

140 

B09S 

S  840 

S8S0 



«S0 

S  SOO 

5  S«> 

7  690 

"IS 

S  *SO 

■    7  49S 

i6s 

4  7S0 

170 

4  SOO 

693s 

4  »S0 

6  7SS 

180 

6  S8o 

IB? 

J  750 

6  410 

6  140 

iqi 

3  ISO 

aoo 

.1  000 

1          ^o» 

,0,  Google 


FLOOR   PLAN   OF  STEEL   OFFICE   BUILDING.  81 

Table  lX.—CoKUniud. 


NuwDtPonDiite. 

Mulmnn  lUtlo  (rfl/r.            '| 

UtdnMemben. 

BradM  Strew. 

A.B. 
A.  R.  E.  A. 

C. 

K. 

G. 
N.Y. 

P. 

B. 

100 
IIO 

US 

130 
140 

100 
130 
ISO 
150 

Boitoa  BuUding  Law 

a*! 


=^t;;rJ 


WieW 


65 


e-o' 


d'Ce  Hi 


-Jim 

M22 


K'TeM' 


07 


70 


22 


ii y/-:?- i- 


15-0' 


M2S 


Si 


■i  T  ^i  \fH 


M  Tie  Rods  ^'Diam. 
mi  Wall  Plates  standard. 
Top  ofPkie  G/fders  in  Wall 
/'aSofe  floor  line. 


Fig.  2.    Floor  Plan  of  Steel  Office  BuiLDtNG,      ,  ,  . 


STEEL  OFFICE  BUILDINGS. 


i 

1 

'i 

047 
''Si 

»6t 

Er 

S'S'                    7'6'                  JO'/Oi' 

aV     '        7's'-          lo'if    \ 

S 

F^nge/^ksbcthMti-s-ii'                  ! 

\^ 

|:?     PI             ii 

»"" 

^ 

SI* is'* 42* til's'         fenf'  ll'i'O 

i«" 

3 

4 

s 

6 

7 

g 

*7 

2 

3 

2 

BO 

"si" 

"i 

v 

I 

/ 

2 

.— 1*— 

-7    -.7      -;/'if'^ v.- ^ 

s    _    »          'ti'si* "  _ ^ 

S4 

2 

2 

2 

1 
2 

/ 
T 

1 

/ 

ei 

2 

1"         3      '•       n'H'         >•             "] 

7^                              S^.6 

fFls 

3'S'              7'$'               ll'6'            I4'6i' 

i'tf'**       T's'*"       Ws'^:      k'y^ 

FlBng,  /xAa  hnrsiA  f-/f\ 

1' 

"i 

-— 

1 

+- + ^ 

^' 

41*  IS'*42''''»'ai'      (arJ.  ft'S'J 

i^ 

3 

4 

s 

6 

7 

8 

eo 

2 

2 

M 

2 

2 

V        4      "       »'i'         "             Z 

60 

2 

2 

1 

.J......". ^JAif. •: „.. 

"IS 

6' 

4'6'                            S'6' 

cf-" 

■* 

V - V 

21*  6''/2^><S'0'  fon/S'oV 
■tkrtj  i  6'P-5t».  /"xey-             \     Boltad 

-{sB^^si'^S'.                    J- - 

.  2I*6''l2i*>'6'0' (<ir^6'&7^ 
*™    f   iS-P'S»f,s-l"'*6y-           1      AxiW    ^ 

-i^ 

i 

4 

5 

6 

7 

S 

16 

S 

J 

5 

3 

S 

s 
A. 

Fig.  3.    Details  of  Floorbeaus  fox  a  Stbel  Office  Buildinc. 


DigilizeoDV  Google 


CAST   IRON   SEPARATORS  FOR   BEAMS   AND   CHANNELS. 

Cast/r^  Beam  SeMffATORS 


*^ 

S^par^ors 

Bolts  r 

ustl'gBapipa  i^  , 

Silt 

e-toc 

(Wft 

w 

/>. 

d 

t 

m^ 

itnw 
MM 

u^ 

«9* 

fans 

fm-l" 

Am 

n^ 

mjth 

Nut 

t«}t> 

m' 

^V 

KUt 

It' 

n>' 

IT' 

*»' 

V* 

*^ 

lOJt 

.-.-/ 

0-2? 

too 

A 

7Ji 

?o 

17 

7A 

*■?( 

10 

SSS90 

n 

7t 

70 

12 

■♦» 

2* 

.*■« 

es 

t 

I'ilt 

7h 

70 

12 

♦» 

73 

^•6 

J-3 

0-lS 

so 

g 

Ih 

71^ 

W 

1? 

*» 

i3 

i-S 

5-5 

0-2S 

laeiss 

/** 

7 

12 

** 

i77 

7-9 

in 

V* 

0-2i 

/If 

30 

7>t 

I4H 

m 

1? 

«f 

?? 

7-9 

,4-3 

0-7S 

tssso 

7>9 

IS 

/2 

M 

22 

2-9 

9 

S'2 

02B 

f'ConJMAa. 

75 

rh 

14 

fifi 

16 

12 

■** 

77 

7-9 

9 

S-? 

0-?1 

a' 

70 

I 

fJ* 

IS 

12 

*t 

21 

2-9 

9 
Sff 

5-2 

0-2S 

t4 

9 

** 

20 

7'i 

10 

.t-s 

0-7i 

IB- 

as 

ti 

Kh 

14 

9 

♦» 

Tl 

?-,* 

m 

.)-, 

so 

I! 

7* 

14 

.9 

■4* 

21 

7-b 

10 

.i-5 

0-7S 

75 

A 

/S 

7fi 

14 

9 

*t 

21 

2-5 

10 

3-S 

0-2S 

d^ 

X 

•<:l 

r 

14 

9 

*» 

IX 

7'S 

^■7 

0-2S 

M' 

/** 

xt^ 

14 

9 

19 

2-b 

S-2 

SB 

7 

» 

14 

9 

w 

13 

2-!? 

ii-i 

-A 

1 

>oe&9s 

74 

/V4 

fl* 

It 

7h 

*» 

17 

1-6 

9ft 

i:i 

0-7^ 

!■€ 

9!t 

^■* 

0-7i 

as 

7Jt 

f4 

6>i 

7li 

« 

12 

1-6 

3-i 

0-2b 

,/?!- 

-..i 

tOSTS 

7 

'^ 

« 

II 

7k 

* 

1? 

1-6 

.9 

52 

O-T-i 

^  ly  ^ 

Xi6S 

7 

/W> 

6h 

II 

m 

**■ 

12 

l-t. 

9 

.i2 

0-7K 

li^ 

60 

(Jt 

I2*t 

II 

7ft 

*t 

fl 

lb 

i 

3-0 

0-2S 

'i^-i     ' 

SB 

f* 

i7ii 

«* 

II 

7Jf 

A 

II 

IS 

It 

i-C 

0-2i 

ioaas 

th 

//H 

* 

II 

7>t 

«♦ 

17 

f-b 

8 

3-0 

0-7S 

42 

BH 

12 

i 

II 

7* 

fi 

12 

/■6 

a 

h-0 

0-2i 

/?' 

SB 

e 

Ilik 

** 

rf* 

5 

1* 

9 

li 

a 

S-0 

0-2S 

so 

€ 

m 

5« 

SH 

S 

n 

9 

1-5 

8 

i-0 

0-2S 

45 

6 

ifH 

«4 

fh 

« 

i* 

9 

M 

7ft 

?-9 

025 

rr 

40S5S 

6 

m 

•■h 

ik 

< 

ft 

9 

M 

Jh 

?-9 

£»;•* 

b 

ait 

i 

ft 

9 

l-i 

2-9 

40 

f4 

/o* 

4M 

lit 

It 

e 

N 

7ft 

1-4 

0-15 

10' 

iS 

«>t 

vh 

4H 

?h 

ft 

s 

H 

7 

1-4 

0/3 

30 

MH 

?» 

7 

N 

7 

1-4 

on 

25 

iJ* 

10 

S 

7>i 

ft 

7 

l-l 

/•4 

0-15 

It' 

IS 

* 

10 

44 

fit* 

h 

< 

0-* 

1-4 

O-I.'i 

9' 

/S 

s 

fH 

4>t 

sh 

It 

5 

0-9 

6ft 

/•* 

0-lh 

2t 

5 

A* 

4li 

61* 

f* 

S 

0-9 

eft 

/-S 

0-IS 

- 

<' 

4i-r 

1 

4 

4 

fi 

ff-/* 

S' 

zh 

SM 

4 

*t 

o-n 

avrf/sf 

4 

A* 

it 

4 

OS 

S 

1-2 

0-/5 

A9 

J 

T 

K 

4h 

Sh 

4 

* 

h 

4 

0-7 

a 

IT 

0-n 

4 

4 

It 

4 

0-7 

6 

h? 

O-lf 

.-"-^     1 

IS 

4tt 

/* 

1* 

4 

0-1 

fi 

I-? 

0-lf 

-Q 

1725 

4 

7h 

.iff 

^ 

h' 

*vW 

4 

4lt 

1ft 

/Z-2S 

4 

A* 

ft 

4 

0-6 

Sfi 

t-2 

0-B, 

Fig.  4.    Cast  Ikon  Sbpakators  for  Beaus  and  Channels. 

AuBRicAN  Bkidgb  Coufany. 

(For  detajla  of  separators  for  Bethlehem  beams,  see  Part  II.) 


DigilzeoDV  Google 


STEEL  OFFICE  BUILDINGS. 


JL 

0)  4  Angles 
I  Platc 


lu  Ju^     ^  JL  /I 


0  4ANeLES         (i)    SANSLES     W  Z  CHAHHELS 
i  PlaTCS  3  PlaTCS       IPlatC.  4AHSIIS 


=* 

(5}   2  Channels 
Laced 

r-' 

" 

^ 

r 

^ 

u 

{^  Z  Channel  s     (7}  2  Channels 
Laced  2  Plates 


(S)  4  Angles 
4  Plates 


'^-m^r' 


4J^    ^U 


(9)  2  Channels 
6  Plates 

IX 

05)  4  7-BAItS 
I  Plate 

(17)  6RAy 


(10}   S  Amies      (II)  ilTHUHCM      (n)  H  COLUMH 

7  Plates  H  Column  2  Plates 


□ 


□ 


C/4}   4  Z-BARS       t!S)  2  CHANNELS       (l6)  2  CHANNELS 

3  Plates  / 1- Bean  I T-Beam 


h^ 


r   =11 


^^ 


jk 


(le)  LASIMER         (is)  4  Angles       (ZO)  SAnoles 
Laced  S  Plates 

■  5.    Types  of  Columns  for  Steel  Buildings. 


D,t„.n,  Google 


DETAILS  OF  FRAMEWORK.  85 

DETAILS  OF  FRAMBWOSK.— The  framework  of  a  steel  skeleton  buildiog  consists  of 
and  floor  garden  which  carry  the  floor  loada  to  the  columns,  of  columns  which  carry 
tlie  loads  to  tfae  foundations  and  of  foundations  which  transfer  the  loads  to  the  earth;  the  columns 
are  braced  transv^sely  and  lai![gltudinally  by  wind  bracing  and  by  means  of  the  floor  girders, 
and  tbe  roof  is  carried  on  trusses  or  on  roof  beams  or  purlins.  There  is  in  addition  miscellaneous 
framing  to  carry  the  outrade  walU  and  the  comke,  and  the  framing  around  elevators,  etc.  For 
additional  debiils,  see  Chapter  XII,  Structural  Drafting. 


Posf 

1 

2 

3 

4 

s 

I7''^fixr 

us)  »> 

iiej  § 

1 

ie'''FI«r 

"55 

n^'Floar 

if 

s 

5? 

l4''^FIixr 

J 

J 

J 

J 

J 

NOTE-~F^iff'esm   ^  dsnote  sheet  numbers. 


Fig,  6.    Column  Schbdulb. 

Hoot  Plan. — ^The  floor  is  carried  on  floorbeams  to  the  floor  girders  and  by  the  floor  Orders 
to  the  columns.  A  detail  plan  of  a  section  of  a  floor  plan  of  a  steel  skeleton  building  is  shown  is 
Fig.  I.     Tbe  floorbeams,  girders  and  columns  are  numbered  aa  shown. 

Details  of  floorbeams  for  an  eight  story  steel  office  building  are  given  in  F^.  3,  For  addi- 
tionaJ  details  of  reeled  beams  and  bracing,  see  Chapter  XII.     E>etail9  of  east  separators  are  given 

in  r«.  4. 

Ctdnmiu. — Details  of  steel  columns  that  are  commonly  used  in  steel  skeleton  buildings  arc 
^a  in  Fig.  5.     The  built-H  columns  made  of  4  ac^les  and  I  plate  or  of  4  angles  and  3  or  5  plates 
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Fig.  13.    Cast  Iron  C(x.uun  Bases.    Aherican  Bridge  Coufany. 
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Fig.  14.    Steel  Coluiin  Sections  akd  Cast  Iron  Column  Bases.    American  Bkidgb  Company. 
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as  given  in  (i)  and  (3)  are  the  moat  satisfactory  columns  (or  usual  conditions.  The  Bethlehem 
H  columns  in  (11)  and  (la)  make  very  satisfactory  columns.  While  the  Bethlehem  H  columns 
require  the  driving  of  less  rivets  than  are  retjuiied  to  fabricate  built-H  columns,  the  eictr^  cost 
required  to  drill  from  the  solid  in  heavy  Bethlehem  H  columns  makes  the  final  cost  of  the  two 
types  of  columns  practically  the  same  for  average  conditions.  Columns  made  <rf  two  chaimcls 
laced  are  deficient  in  lateral  rigidity  and  should  only  be  used  for  light  loads.  Z-bars  are  difiEcult 
to  obtain  from  the  rolling  mill  and  Z-bar  columns  should  not  be  used  unless  it  is  known  that 
Z-bars  can  be  obtained.     Additional  sections  are  given  in  Fig.  14. 

Coltmm  Schedule. — A  column  schedule  should  be  prepared  as  in  Fig.  6.  The  column  schedule 
should  give  the  length,  area  of  cross-section  and  the  compoution  of  every  column  in  the  buildliq. 
Foe  the  use  of  the  shop  draftsmen  the  dead  load,  wind  load  and  eccentric  stresses  should  be  given 
for  each  column. 

Cdmnn  Dotails. — Standard  details  for  channel  columns  and  for  plate  and  angle  columns  aiE 
given  in  F^.  7.  Details  of  channel  columns  are  given  in  Fig.  8.  Details  of  plate  and  angle 
columns  are  given  in  Fig.  9  and  Fig.  10.  Details  of  column  splices  are  given  in  Fig.  Hand  Fig.  12. 
Details  of  a  column  used  in  the  Singer  Building  are  shown  in  Fig.  27. 

ddnmn  Bases. — Details  of  cast  iron  column  bases  as  deigned  by  the  American  Bridge  ; 
Company  are  given  in  Fig.  13  aiul  Fig.  14.    Intermediate  dzes  may  be  obtained  by  inteipoladon. 


Fig.  ij.    Cast  Stsbl  Base. 


Fig.  16.     Built  Steel  Coluun  Base. 


Details  of  a  cast  steel  column  base  used  in  the  Singer  Building  are  shown  in  Fig.  15.  Details 
of  a  built  steel  column  base  designed  by  Mr.  E.  W.  Stern,  Consulting  Engineer,  are  shown  in  Fig.  t6 
Mr.  Stem  considers  the  built  steel  column  base  as  cheaper  and  more  reliable  than  a  cast  steel 
base;  and  cheaper  and  very  much  more  reliable  than  a  cast  iron  base.  In  addition  the  base  is 
easily  set  and  readily  grouted.  After  setting,  the  base  is  grouted  with  1  to  a  Portland  cement  I 
mortar.     Bases  of  this  design  have  been  used  For  loads  up  to  1,600  tons.  I 

Anchors. — Details  of  anchors  are  given  in  Fig.  17.  Anchors  for  columns  in  tall  buildings 
should  be  calculated  for  the  actual  conditions. 

FOUNDATIONS.— The  foundation  for  a  tall  building  will  depend  upon  the  height  of  the 
structure,  the  total  load  on  the  foundation,  the  character  of  the  soil,  and  the  requirements  of  the 
design  and  may  be  briefly  described  as  follows. 

(i)  Ordinary  wall  or  pier  foundations  built  on  the  natural  soil. 

(a)  Walls  and  columns  supported  by  timber  grillage  resting  on  the  s<nl. 

(3)  Walls  and  columns  supported  on  grillages  made  of  steel  beams  or  bars  encased  in  concrete 
and  resting  on  the  soil. 

(4)  Piles  of  timber  or  concrete  driven  to  rock  or  to  a  sufficient  depth  to  carry  the  toads  without 
settlement. 

(5)  Caissons  as  constructed  in  Chicago  by  excavating  in  an  open  well  or  shaft,  curbing  it 
with  timber,  and  then  filling  the  well  with  concrete. 

(6)  Caissons  as  constructed  in  New  York  by  sinking  steel  cylinders,  or  steel  and  timber 
caissons,  or  reinforced  concrete  caissons,  usually  by  the  pneumatic  process  and  filli:^  the  ^laft 
mth  concrete.     The  first  type  of  foundation,  where  the  soil  is  compressible,  can  only  be  used  for 
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Fig.  17.    Details  of  Anchors  and  Anchok  B(H.ts. 
Amsbican  Bridge  Company. 
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Typical Spondrel  Sections  SpaKlre[SactJanB«1w«anCob.NaLl4areil7 
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Fig.  i8.    Details  of  Wall  Construction,  United  Fire  Company's  Building,  New  York. 
(Ei^.  Record,  Dec.  9,  1911.) 
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MoidenLane  Sireet  Front 
Fig.  ^o.    Wind  Bracing  in  United  Fire  Company's  Building. 
(Edk.  Record,  Dec  9,  1911 J 


98 


STEEL   OFFICE   BUILDINGS. 


Cbaf.  IL 


buildings  of  Tour  to  tix  ttoriea,  but  may  be  used  for  buMdiDgs  of  twelve  to  fifteen  stories  where  the 
supporting  power  of  the  soil  is  cooaiderable  as  in  Denver.  With  high  buildings  the  footings 
become  so  large  as  to  be  very  expensive  and  also  encroach  upon  the  basement  area. 

Timber  grillage  and  timber  piles  must  be  kept  permanently  wet  or  the  life  o(  the  foundation 
will  be  very  short.  Many  of  the  early  tall  buildings  in  Chicago  were  carried  on  timber  grillages 
and  on  timber  piles,  but  the  settlement  of  the  structures  was  so  great  that  the  method  was  aban- 
doned for  the  method  of  concrete  wells. 

Steel  grill^e  foundations  have  been  much  used  for  high  buildii^s.  With  steel  grillage  the 
foundations  may  be  made  very  shallow  so  that  the  basement  is  not  encroached  upon. 
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Fig.  31,    Details  of  Wind  Bracing  in  United  Fibe  Coupany's  Building. 
(Eng.  Record,  Dec.  9.  1911-) 

In  cities  like  Chicago  and  New  York  where  real  estate  is  so  valuable  that  basements  are 
often  made  three  or  four  stories  in  depth,  and  where  nearby  disturbances  due  to  excavations  and 
tunneling  would  cause  settlement  it  has  been  found  necessary  to  carry  the  foundations  to  rock 
by  means  of  wells  or  pneumatic  caissons.  In  Chicago  the  wells  commonly  vary  from  5  ft.  to 
12  ft.  in  diameter  and  are  sunk  in  the  open  and  are  lined  with  timber  curbing.  After  bed  rock  is 
reached  the  well  is  filled  with  concrete. 

For  a  description  of  the  sinking  of  the  foundations  for  buildings  in  New  York  City,  see  a  paper 
entitled  "Foundations  for  the  New  Singer  Building,  New  York  City"  by  Mr.  T.  Kennard  Thom- 
son, Consulting  Engineer,  in  Trans,  Am.  Soc.  C,  E.,  Vol.  63,  June,  1909. 

SPACING  OP  COLnMNS.— The  spacing  of  columns  in  steel  frame  buildings  varies  from 
about  II  ft.  to  24  ft.,  depending  upon  the  height  of  the  building,  the  Door  loads,  the  type  of  floor 
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And  other  coDditions.  For  buildings  a  (ew  stories  in  height  it  ia  economica]  to  apace  the  columns 
doie)y  together,  while  in  high  buildings  a  spacing  of  i6  ft.  to  30  ft.  will  commonly  be  found  eco- 
aomicaL  The  columns  in  the  Singer  Tower  in  Fig.  33  were  spaced  I3  ft.  centers;  the  columns  in 
the  Guaranty  Trust  Company's  New  York  Building,  163  ft,  high  were  spaced  about  16  ft.  by  16 
ft.  and  31  ft.  6  in.  by  19  ft.  9  in, ;  the  columns  in  the  Woolworth  Building,  New  York,  were  spaced 
at  distances  varyii«  from  18  ft.  6  in.  by  18  ft.  6  in.  in  the  main  part  to  a  maximum  of  28  ft.  by 
38  ft.  in  the  tower. 
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Fig.  33.    Typical  Flook  Plan  op  Singer  Towek. 

FLOOB.  PANELS. — For  the  long  span  system,  fioor  girders  connect  the  columns  forming  a. 
square  or  rectanglr,  the  floor  slabs  being  supported  on  the  floor  girders.  For  the  short  span 
system,  floorbeams  are  carried  by  the  floor  girders  and  the  spans  for  the  flooring  are  reduced.  The 
spadi^  of  the  Roorbeame  will  depend  upon  the  type  of  floor,  but  it  will  commonly  be  found  eco- 
nomical to  use  an  even  number  of  floorbeams  giving  an  odd  number  of  short  spang  in  each  panel. 
A  common  arrangement  ia  to  use  two  floorbeams  which  divide  each  panel  into  three  short  spans. 
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SPAKDREL  SECTIOnS.— The  de«gn  of  the  cunain  walls  that  are  aupported  by  the  spandrd 
beams  will  depend  upon  the  niaterial  of  which  the  wall  is  built,  the  amount  and  character  of  the 
ornamentation,  and  the  details  of  the  windows.  The  details  of  the  wall  construction  in  the 
United  Fire  Company's  Building,  New  York,  are  given  in  Fig.  18.  The  spandrel  masonry  is  carried 
by  the  wall  girders  and  by  horizontal  sidles  bracketed  from  their  outer  faces.  The  angles  in  the 
outer  flanges  of  the  wall  girders  are  often  wider  than  those  in  the  inner  flanges  to  give  additional 
support  to  the  masonry,  and  both  they  and  the  detached  spandrel  angles  have  holes  through  their 
horizontal  flanges  to  receive  vertical  expansion  and  wedge  bolts  to  hold  the  stone  or  terra- 
cotta.    The  mullions  over  the  windows  are  made  of  3  in.  by  4  in.  tees. 


ninn      tnrm 


Fig.  23.    Foundation  Plan  of  Singer  Bi^ilding. 

The  details  of  the  spandrel  walls  should  be  worked  out  by  the  architect  and  the  er^neer 
working  together  if  the  best  results  are  to  be  obtained. 

WIHD  BRACinO.— The  arrangement  of  the  wind  bracing  in  a  steel  frame  building  «ill 
depend  upon  the  size  and  height  of  the  building,  upon  the  arrangement  of  the  columns  and  the  | 
space  that  may  be  occu[Med  by  the  wind  bracing.  Several  types  of  wind  bracing  are  shown  in 
Fig.  19.  Where  space  permits  the  diagonal  bracing  is  the  most  effective.  Diagonal  bracing  can 
only  be  used  in  solid  walls  or  partitions.  Knee  braces  (b)  and  portal  bracing  (c),  can  be  used 
in  outside  walls  where  there  is  sufficient  space  above  and  below  windows.  Brackets  (d)  are 
used  where  the  vertical  clearance  is  limited  and  in  wind  bracing  transversely  through  the  building.  I 
Details  of  wind  bracing  of  the  United  Fire  Company's  Building,  New  York,  are  given  in  Fig.  20  ' 
and  Fig.  21.  The  building  is  130  ft.  6  in.  by  173  ft.  6  in.  in  plan  and  25  stories  in  height.  The 
columns  arc  of  Bethlehem  H  sections  two  stories  in  height.  The  floor  panels  are  chiefly  15  ft. 
6  in.  by  24  ft.  3  in.     The  columns  rest  on  grillages  which  rest  on  pneumatic  piers. 

Details  of  the  wind  bracing  in  the  Singer  Building  are  given  in  Fig.  24,  Fig.  25,  and  Fig.  26. 
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— The  Singer  Building  consists  of  a  main  portion  approximately  75  ft.  by 
^high,  and  a  tower  60  ft.  by6o  ft.  in  plan  and  41  stories  high  with  a 
s  to  a  total  height  of  6l3  ft.     The  building  is  of  skeleton  steel  con- 
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FtG.  34.     DiACBAM  OF  Wind  Bracing,  Singer  Building. 

Btniction,  fireproofed  with  terra-cotta  tiling  and  provided  with  terra-cotta  floor  systems  surfaced 
with  cement.     The  columns  are  carried  on  concrete  footings  sunk  by  the  pneumatic  process  to  a 
depth  of  90  feet.    The  columns  are  spaced  12  ft.  centers  and  are  connected  at  ughi  angles  by 
*  Engineering  News,  Vol,  58,  pp.  595  to  598,  ., 
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Fig.  a6.     Details  of  Wind  Bracing, 
Singer  Building. 
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ginleta  and  floorbeams.  A  typical  floor  plan  of  the  tower  u  shown  in  Fig.  22.  The  columoa  are 
made  of  two  channels,  reinforced  with  plates  where  necessary.  Details  of  a  typical  column  are 
thofm  in  Fig.  aj.  The  wind  bracing  of  the  steel  frame  is  shown  in  Fig.  2±.  A  plan  of  the  wind 
badng  in  the  tower  is  shown  in  Fig.  35.  The  panels  that  have  heavy  lull  lines  were  wind  braced 
to  the  33d  story  on  the  exterior  and  to  the  36th  story  on  the  interior.  Heavy  dotted  lines  indi- 
cate wind  braciI^[  to  the  14th  story.  Fine  lines  indicate  no  dia^nal  bracine.  Circles  on  diagonal 
iotenectioBS  represent  anchor  bolts.  In  deiignii^  the  bracing  the  loads  were  distributed  as 
follows: — It  will  be  noticed  that  in  a  north  and  south  direction  there  are  11  lines  of  wind  bracing 
in  the  tower,  nearly  symmetrically  placed.  It  was  therefore  assumed  that  on  each  story  eacn 
line  <rf  X-bracing  took  ^  of  the  total  wind  pressure  of  30  lb.  per  sq.  ft.  The  loads  on  the  bracing 
in  an  east  and  west  direction  were  distributed  in  a  similar  manner.  The  details  of  the  X-bracing 
are  shown  in  Fig.  36.  Each  of  the  I3  ft.  square  towers  was  assumed  to  act  independently  and 
the  uplift  of  the  columns  was  provided  for. 
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I.  Dea^n. — In  all  steel  frame  or  skeleton  buildings  the  stresaea  due  to  external  and  internal 
loads  and  wind  stresses  shall  be  transmitted  to  the  foundation  by  the  steel  framework,  no  reliance 
being  placed  on  the  strength  of  the  walls  and  partitions.  Beams  and  girders  shall  have  riveted 
ooQDectiona  to  the  steel  columns.  All  columns  shall  be  of  structural  ateel  with  their  different 
parts  riveted  together  and  shall  be  riveted  to  the  beams  and  girders  connecting  to  them. 

a.  LOADS. — -The  structure  shall  be  designed  to  carry  the  following  loads, 

3.  Dead  Loads. — The  dead  load  shall  consist  of  the  weight  of  all  permanent  construction 
and  fixtures,  such  as  walls,  roofs,  interior  partitions,  and  fi?(«l  or  permanent  appliances.  The 
weights  of  different  materials  shall  be  assumed  as  given  in  Table  1.  The  minimum  weight  of 
fireproof  floors  to  be  assumed  in  designing  the  floor  system  shall  be  75  lb.  per  sq.  ft.  The  actual 
weight  of  floors  shall  be  used  in  deigning  columns.  The  minimum  weight  of  movable  partitions 
sbaU  be  taken  as  10  tb.  per  sq.  ft. 

4.  Utc  Loadq. — The  live  load  shall  consist  of  movable  loads  and  loads  due  to  machinery 
and  other  appliances. 

The  live  loads  required  by  Schneider's  specifications  and  given  in  Table  IV  shall  be  used 
for  the  different  classes  of  builtlings.  The  maximum  stresses  due  to  any  one  of  the  three  systems 
of  loads  shall  be  used  in  the  design;  Floor  slabs  for  office  buildings  may  be  designed  for  a  uniform 
load  equal  to  twice  the  distributed  load  given  in  the  second  column  of  Table  IV,  and  the  effect 
of  the  concentrated  load  may  be  neglected.  The  concentrated  load  and  load  per  linear  foot  of 
girder  shall  be  considered  in  the  design  of  all  beams  and  girders.  Flat  roofs  of  office  buildings, 
hotels,  etc:,  that  can  be  loade^Tby  crowds  of  people  shall  be  designed  as  the  floors. 

5-  Impact. — -For  structures  carrying  traveling  machinery  such  as  cranes  or  conveyors,  or 
machinery  such  as  printing  presses,  2^  per  cent  shall  be  added  to  the  stresses  resulting  from  live 
load  to  provide  for  impact  and  vibrations. 

6.  Snow  Loada. — The  snow  loads  on  roofs  shall  be  taken  the  same  as  for  steel  frame  mill 
bunding Fw;.  1,  Chapter  I. 

7.  Wind  LMlds. — All  structures  shall  be  designed  to  resist  the  horizontal  wind  pressure  on 
the  surface  exposed  above  surroundii^  buildings  as  fallows. 

"    The  wind  pressure  on  roofs  shall  be  taken  as  the  normal  component,  calculated  by  Duchem- 
rmula,  F^,  3,  Chapte    ■      '--"  '  •  ■       -'-1-  ---» 

—  The  wind  pressure  o.. 

fallowing  par^raph  shall  be  assumed  a; ,,_.  -^ „ ^  

c.  In  designing  the  steel  or  reinforced  concrete  framework  of  fireproof  buildings  the  frame- 
work ^lall  be  designed  to  resist  3  wind  pressurs  of  30  lb.  per  square  foot  acting  on  the  total  exposed 
surface  of  all  parts  composing  the  framework  or  a  horizontal  wind  pressure  of  20  lb.  per  square 
foot  acting  in  any  direction  horiiontally  on  the  sides  and  ends  of  the  completed  building.  The 
■trength  of  reinforced  concrete  floors  may  be  considered  in  calculating  the  strength  of  the  frame- 
worlc  in  the  completed  structure.     The  framework  before  the  structure  has  been  comfdeted  shall 
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be  seU-supportii^  without  walls,  partitioiia  or  floors.  In  no  case  shall  the  overturning  moment 
due  to  wind  pressure  exceed  75  per  cent  of  the  reaiBtine  moment  of  the  structure.  In  the  calcu- 
lations for  wind  bracing  the  working  Etresses  for  dead  and  live  loads  may  be  increased  25  per 
cent  providing  the  sections  are  not  lees  than  required  for  dead  and  live  loads.  Chimneys  shall 
be  deMgined  to  resist  a  wind  pressure  of  20  lb.  (I  of  30  lb.)  per  square  foot  acting  on  the  vertical 
projection  of  the  chimney.  Curtain  walls  carried  on  the  framework  of  steel  or  reinforced  concrete 
buildings  shall  be  designed  to  resist  a  horizontal  pressure  of  30  lb.  per  square  foot  actii^  hori- 
BDntally  on  the  outside  of  the  entire  surface  of  the  wall, 

8.  Minimum  Loads  on  Roofs. — Roofs  shall  be  designed  for  the  minimum  loads  specified  by 
Schneider  and  given  in  Table  VI. 

g.  live  Lc«ds  on  Columns.— For  columns  carrying  more  than  five  floors,  the  live  load  may 
be  reduced  as  follows; 

For  columns  supporting  the  roof  and  top  floor  no  reduction. 

For  columns  supporting  each  successive  floor  a  reduction  of  5  per  cent  of  the  total  live  load 
may  be  made  until  50  per  cent  is  reached,  which  reduction  of  the  load  shall  be  used  for  the  columns 
supporting  all  remaining  floors.  No  column  shall,  however,  be  designed  for  a  live  load  of  less 
than  20,000  lb.  The  above  reduction  is  not  to  apply  to  the  live  load  on  columns  of  warehouses, 
and  similar  building  which  are  liable  to  be  fully  loaded  on  all  floors  at  the  same  time. 

10.  Loads  on  Foundations.  The  loads  on  foundations  shall  not  exceed  the  following  in 
tons  per  square  foot: 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm,  coarse  sand 4 

Coarse  sand  and  gravel 5 

Shale  rock 5 

Hard  rock ao 

For  all  soils  inferior  to  the  above,  such  as  loara,  etc.  never  more  than  I  ton  per  square  foot. 

The  loads  on  foundations  shall  be  assumed  to  be  the  same  as  for  the  footings  of  columns. 
The  area  of  the  bases  of  the  foundation  shall  be  proportioned  for  the  dead  load  only  as  follows. 
That  foundation  which  has  the  largest  ratio  of  live  load  to  dead  load  shall  be  selected  and  pro- 
portioned for  the  combined  dead  and  live  loads.  The  dead  load  on  this  foundation  shall  be 
divided  by  the  area  thus  found,  and  this  reduced  pressure  per  square  foot  shalt  be  the  permissible 
pressure  to  be  used  for  the  dead  loads  of  all  foundations. 

11.  Pressure  on  Masoni;  snd  Wall  I^tes. — The  maximum  pressure  on  masonry  and  wall 
plates  shall  not  be  greater  than  the  values  given  in  Table  VIII. 

IJ.  Bases. — 'Structural  steel  columns  shall  rest  on  either  cast  iron,  cast  steel  or  built  steel 
bases  proportioned  so  as  to  distribute  entire  load  of  the  column  on  the  concrete  or  masonry  founda- 
tion. Columns  carrying  wind  stresses  shall  be  firmly  anchored  with  at  least  two  anchor  bolts 
to  a  mass  of  concrete  whose  weight  is  at  least  i}  times  the  lip-lift  in  the  column.  Ait  columns 
shall  be  properly  secured  to  the  bases. 

13.  Shape  of  Foimdations. — Foundations  under  columns  shall  be  symmetrical  except  under 
wall  columns,  where  the  center  line  of  the  column  must  lie  within  the  middle  third  of  the  founda- 
tion. In  this  case  the  average  intensity  of  the  pressure  on  the  soil  shall  not  exceed  one-half  the 
safe  load  allowed  for  a  symmetrical  section.  In  cases  where  the  wall  column  load  exceeds  the 
above  safe  loads  the  column  must  rest  upon  a  steel  or  reinforced  concrete  girder  or  cantilever 
having  a  column  or  columns  at  the  inner  end.  The  Foundation  shalt  then  be  designed  for  the 
combined  loads. 

14.  Rolled  Beams. — The  depth  of  rolled  beams  in  floors  shall  be  not  less  than  one-twentieth 
of  the  span,  and  if  used  as  roof  purlins  not  loss  than  one-thirtieth  of  the  span.  In  case  of  floors 
subject  to  shocks  and  vibrations  the  depth  of  beams  and  girders  shall  be  limited  to  one-fifteenth 
of  the  span.  If  shallower  beams  are  used  the  sectional  area  shall  be  increased  until  the  maximum 
deflection  is  not  greater  than  that  of  a  beam  having  a  depth  of  one-fifteenth  of  the  span,  but  the 
depth  of  such  beams  shall  in  no  case  be  less  than  one-twentieth  of  the  span. 

15.  Expan^on. — Provision  shall  be  made  for  expansion  and  contraction  corresponding  to  a 
variation  of  temperature  of  150  degrees  Fahr.  where  necessary.  Expansion  rollers  shall  not  be 
less  than  4  inches  in  diameter. 

16.  Cast  Iron. — The  allowable  stresses  in  cast  iron  shall  be  as  follows: 

Compression  "  ta  000  lb.  per  sq.  in. 
Tension  '^    2  500  lb.  per  sq.  in. 

Shear  =     i   500  lb.  per  sq.  in, 

17.  Steel  Colutons. — Columns  shall  be  of  rolled  or  buitt  sections.  No  wall  column  or  column 
with  eccentric  loads  shall  be  used  which  does  not  have  at  least  one  solid  plate  or  web  of  metal  in  or 
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parallel  to  the  plane  of  eccentric  stress.  Columns  shall  have  a  loiniraum  length  equal  to  two 
stories;  and  splices  on  adjacent  columns  shall  preferably  be  made  at  different  sCaries  unless  the 
building  is  Bymmetrical  about  a  middle  line  of  columns,  in  which  case  for  ease  in  construction 
similarly  situated  columns  may  be  made  alike.  Columns  shall  be  designed  so  as  to  provide  for 
effective  connections  for  floorbeams,  gifdera  and  brackets.  The  splices  shall  be  strong  enough 
to  re^t  the  bending  stresses  and  make  the  columns  practically  continuous  for  their  entire  length. 
The  splices  of  columns  shall  be  riveted. 

18.  Roof  TnuBes.-~Roof  trusses  shall  be  of  steel  and  may  have  either  pin  or  riveted  con- 
nections, and  shali  be  of  such  design  that  the  stress  in  each  member  may  be  calculated.  Roof 
trusses  shall  be  braced  in  pairs  and  each  pair  of  trusses  shall  be  rigidly  connected  by  lateral  and 
transverse  bracing.  Purlins  shall  be  made  of  shapes,  or  riveted  plate  or  lattice  girders.  Trussed 
purlins  will  not  be  allowed.  Main  members  of  trusses  shall  be  designed  so  that  the  neutral  axes 
of  intersecting  members  shall  meet  in  a  common  point,  or  if  this  is  not  possible  the  e 
stresses  shall  be  calculated  and  provided  for. 

19.  Floorbeams. — Floorbeams  shall  generally  be  rolled  steel  beams  and  shall  be  riveted  tc  ... 
floor  cirders  by  means  of  connection  angles.  Floor  girders  may  be  rolled  beams  or  plate  girder 
—  -'  shall  be  nvet"-"  ' ' ' ' ''■-  -  '-      f- .ii-  _  .  .1  _    ■  .   _..     .  • 


and  shall  be  nveced  to  columns  by  means  of  connection  angles.  Shelf  angles  may  be  provided 
for  convenience  during  erection. 

Tlie  flange  plates  of  all  girders  shall  be  limited  in  width  so  as  not  to  extend  beyond  the  outer 
line  of  rivetsconnectingthem  to  the  angles,  more  than  4  inches,  or  more  than  8  times  the  thickness 
of  the  thinnest  plate.  For  fireproof  floors,  floorbeams  shall  generally  be  tied  together  with  tic 
rods  at  intervals  not  to  exceed  8  times  the  depth  of  the  tteams.  Tie  rods  are  not  required  witfi 
reinforced  concrete  floors  where  the  reinforcement  is  rigidly  fastened  to  all  outside  beams  and 
girders.  Holes  for  tie  rods,  where  the  construction  of  the  floor  permits,  shall  be  spaced  3  inches 
above  the  bottom  of  the  beam. 

Where  more  than  one  rolled  beam  Is  used  to  form  a  girder,  they  shall  be  connected  by  cast 
iron  or  steel  separators  and  bolts  spaced  at  intervals  of  not  more  than  5  feet.  All  beams  having  a 
depth  of  13  inches  and  more  shall  have  at  least  3  tK>lts  to  each  separator. 

20.  Wall  n«tes. — Bearing  stones  of  granite,  crystalline  sandstone,  or  metal  plates  shall  be 
used  to  reduce  or  distribute  the  pressure  on  the  wall  under  the  ends  of  wall  beams,  girders  and 

31.  WaU  Anchors. — The  wall  ends  of  beams,  girders,  and  columns  shall  be  anchored  securely 
to  give  rwjidity  to  the  structure. 

22.  Minifnum  Thickneu  of  UetaL — No  plate  or  rolled  section,  having  a  thickness  of  less 
than  i  in.  diall  be  used  except  for  fillers. 

23.  Bradng. — Lateral,  longitudinal  and  transverse  bracing  shall  preferably  be  composed  of 
T^d  members. 

34.  HaterUL— All  parts  of  the  structure  shall  be  of  rolled  steel  except  column  bases,  bearing 
plates,  separators  or  minor  details  which  may  be  of  cast  iron  or  cast  steel.  The  steel  shall  be 
made  by  the  open-hearth  process.  All  rolled  steel,  cast  steel  and  cast  iron  shall  comply  with  the 
"Specifications  for  Structural  Steel  for  Buildings"  adopted  by  the  American  Society  for  Testing 
Materials  and  printed  in  Chapter  XV. 

25-  Stresses. — All  parts  of  the  structural  framework  shall  be  designed  for  the  same  unit 
stresses  as  for  steel  frame  buildings  given  in  sections  32  to  46  inclusive  of  "Specifications  for 
Steel  Frame  Buildings"  in  Chapter  I. 

26.  Details  of  Construction. — The  details  of  construction  shall  comply  with  the  specifications 
for  steel  frame  buildings  given  in  sections  78  to  117  inclusive  of  "Specifications  for  Steel  Frame 
Buildings,"  in  Chapter  1. 

27.  Workmanship. — The  workmanship  shall  be  equal  to  the  best  practice  in  modem  bridge 
works  and  shall  comply  with  sections  143  to  186  inclu^ve  of  "Specifications  for  Steel  Frame 
Buildings"  in  Chapter  I. 

28.  Inspection  and  Testing  at  Mill  and  Shop. — The  specifications  are  the  same  as  given  in 
sections  187  to  193  inclusive  in  "Specifications  for  Steel  Frame  Buildings"  in  Chapter  I. 

Erection. 

29.  Tods. — The  contractor  shall  fumtsh  at  his  c:fpense  all  necessary  tools,  derricks,  hoists, 
staging  and  material  of  every  description  required  for  the  erection  of  the  work,  and  shall  remove 
same  when  the  work  is  completed. 

30.  Risks. — The  contractor  shall  assume  all  risks  from  storms  or  accidents,  unless  caused  by 
the  negl^ncc  of  the  owner,  and  all  damage  to  adjoining  property  and  to  persons  until  the  work 
is  completed  and  accepted. 

31.  The  contractor  shall  comply  with  all  ordinances  or  regulations  appertaining  to  the  work, 

32.  Details  of  Erection.^The  structural  steel  and  iron  work  shall  be  erected  as  rapidly  as 
the  progress  of  the  other  work  on  the  building  will  permit.     Bases   beani^  plates  and  ends  of 
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girdera  which  require  to  be  grouted,  ahall  be  Hupponed  exactly  at  the  proper  level  by  meaiu  of 
Bteel  wedces.  Structural  steel  and  ironwork  shall  be  set  accurately  to  tlie  established  lines  and 
levels.     The  steel  and  iron  must  be  plumb  and  level  before  rivetii^  is  commenced  and  must  be 


kept  in  position  until  final  completion.    Temporary  bracing  shall  be  provided  to  resist  the  stres 
due  to  derricks  and  other  erection  equipment.     Elevator  shafts  sliall  be  plumbed  from  top 


bottom  with  piano  wire.  Riveted  connections  shall  be  carefully  drawn  up  before  riveting  is 
commenced.  Not  less  than  one-third  the  holes  shall  be  filled  with  field  bolts,  drawn  up  tight. 
All  Geld  connections  shall  be  riveted.  Pneumatic  hammers  shall  be  used  in  driving  field  rivets. 
Rivets  must  iiave  a  suiGcient  length  to  completely  fill  the  holes  and  to  form  full  heads.  Rivets 
must  be  tight  with  full  concentric  heads.  Look  or  imperfect  rivets  must  be  cut  out  and  redriven, 
recupping  or  calking  will  not  be  permitted.  Holes  which  will  not  admit  a  cold  rivet  must  be 
reamed.  Where  bolts  are  permitted,  washers  not  less  than  }  in.  thick  shall  be  used  under  the 
nuts,  the  nuts  shall  be  drawn  tight  and  the  threads  checked  with  a  chisel.  Connections  to  cast 
iron  and  for  separators  in  steel  Ixams  may  be  bolted. 

REFERENCES.— For  the  details  of  the  design  of  tall  buildings  the  followii^  books  may  be 
consulted:  Kidder's  "Architects  and  Builders  Pocketbook";  Freitag's  "Fire  Prevention  and 
Fire  Protection";  Frritag's  "Architectural  Engineering";  Ketchum's  "The  Design  of  Steel  Mill 
Buildings." 

For  a  full  discussion  of  foundations  for  steel  office  buildings,  see  Jacoby  and  Davis,  "  Founda- 
tions of  Bridges  and  Buildings,"  published  by  McGraw-Hill  Book  Co. 
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CHAPTER  III. 
Steel  Highway  Bridges. 

Oeflnitioii. — A  tnisa  is  a  framework  composed  of  individual  members  eo  fastened  together 
that  loads  applied  at  the  joints  produce  only  direct  tenuon  or  compresMon.  The  triangle  is  the 
only  geometrical  figure  in  which  the  form  is  chained  only  by  changing  the  lengths  of  the  sides. 
In  its  simplest  form  every  truss  is  a  triangle  or  a  combination  of  triangles.  The  members  of  the 
truss  are  either  fastened  together  with  pins,  pin-connected,  or  with  plates  and  rivets,  riveted. 

Types  at  Truss  Bridges. — The  bridge  in  Fig.  i  consists  of  two  vertical  trusses  which  carry 
the  Root  and  the  load;  of  two  horizontal  trusses  in  the  planes  of  the  top  and  bottom  chords,  re- 
spectively, which  carry  the  horizontal  wind  load  along  the  bridge ,  and  of  cross-bracing  in  the  planes 
of  the  end-poets,  called  portals,  and  in  the  planes  of  the  intermediate  posts,  called  sway  bradng. 


Fig.  1.     DtAGKAMMATic  Sketch  of  a  Thkouch  Pratt  Truss  Highway  Bridge. 

The  floor  is  carried  on  joists  or  stringers  placed  parallel  to  the  length  of  the  bridge,  and  which  are 
^Ijpported  in  turn  by  the  floorbeama.  The  names  of  the  different  parts  of  the  bridge  are  shown 
i«  Fig.  1.  The  main  ties,  hip  verticals,  counters  and  intermediate  posts  are  together  called 
"webs."  The  bridg:e  shown  in  Fig.  t,  is  a  through  pin-connected  highway  bridge  of  the  Pratt 
type,  the  traOic  passing  through  the  bridge.  In  a  deck  bridge  the  roadway  floor  is  carried  on  top 
of  the  main  trusses.  The  bridge  shown  has  square  abutments;  if  the  abutments  are  not  at  right 
lOT  D,=;,lz...,'Ct)t)^^L 
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angles  to  the  center  line  the  bridge  is  called  a  "ekew"  bridge.  Short  spaa  highway  and  lailway 
bridges  have  low  trusses  and  no  top  lateral  systeni  nor  portals,  as  in  Fig.  a.  In  a  raSway  bridge 
the  loads  are  carried  to  the  panel  points  by  stringers  resting  on  or  riveted  to  the  floorbeanu. 


QvaHtr  Top  Phn  Quarttr  Betimn  f^m 

Cross  Stcifon 
Fig.  3.     Plan  of  a  Low  or  "Pony"  Tkuss  Highway  Bkidce. 

The  simplest  type  of  bridge  is  the  beam  bridge,  (a)  Fig,  3.     Beam  bridges  commonly  consist 
of  I  beams  which  span  the  opening,  and  are  placed  near  enough  together  to  carry  the  floor  of  the 


(a)  Beam  Bridqe. 


fci)Lo¥^WGtrren  Truss. 


(b)  Beam  L  eg  BriVqe.      (e)  Low  Fhtff  Truss.  Haff  Hi'p. 


^^^u^^f^^^^ 


(e)  Truss  Leq  Bridge.  ff)  LowPraff  Truss.Full  Slope. 

Fig.  3.    Types  of  Short  Span  Higbwav  Bridges. 

bridge.  Where  foundations  are  relatively  expensive  the  beams  may  be  carried  on  posts  as  in 
(b).  Fig.  3,  A  truss  leg-bridge  is  shown  in  (c),  Fig.  3.  Types  (b)  and  (c)  unless  constructed  with 
great  care  make  inferior  structures  and  are  not  to  be  recommended.     A  Warren  truss  is  a  combi- 
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ntiM  of  isoecclee  triangles  as  shown  in  (d),  F^.  3  and  in  (c)  and  (d),  Fig.  4.  The  Pratt  truH 
bt  ill  venical  web  members  in  compression  while  its  diagonal  web  members  are  in  tension,  aa 
•bown  in  (b),  Fig.  4.  The  Wanen  truss  is  commonly  built  with  riveted  joints  while  the  Pratt 
truss  is  usually  built  with  pin-connected  joints.  The  Wairen  low  truss  with  riveted  joints  as 
ibavn  in  (d)  is  generally  preferred  in  place  of  the  low  Pratt  truss  in  either  (e)  or  (f),  Fig.  3.  The 
Howe  truss  has  its  vertical  web  members  in  tenmon,  and  its  inclined  web  members  in  compression 
SEibown  in  (a),  F^.  4.  The  upper  and  lower  chords  and  the  inclined  members  of  a  Howe  truss 
sre  commonly  made  of  timber,  while  the  vertical  tensjon  members  are  iron  or  steel  rods  or  bars. 


(i)  Thbouoh  Petit  Truss  (j)  Modified  Petit  7/iuss 

Fig.  4.    Types  op  High  Truss  Higbwav  Bridges. 

The  Whipple  truss,  (e)  Fig.  4,  b  a  double  intersection  Pratt  truss.  This  truss  was  des^ned 
to  give  short  panels  in  long  spans  which  have  a  considerable  depth.  The  stresses  in  the  Whipple 
truss  are  indeterminate  for  moving  loads,  and  its  use  has  been  practically  abandoned,  the  Balti- 
more truss,  (g)  Fig.  4  being  used  in  its  place.  The  quadrangular  Warren  truss  with  riveted  joints 
is  used  by  the  American  Bridge  Company  as  a  standard  truss  for  through  highway  bridges,  with 
spans  of  from  80  to  170  ft.     Like  the  Whipple  truss  its  stresses  are  indeterminate  for  moving  loads. 

For  spans  of  from,  say,  170  to  240  ft.  it  is  quite  common  to  use  pin-connected  trusses  of  the 
Pratt  type  having  inclined  chords  as  in  (F),  Fig,  4.  Where  the  truss  has  an  even  number  of  panels 
the  author  has  subdivided  the  center  panel  as  shown  in  (h).  Fig.  4. 

The  Baltimore  truss,  (g)  Fig.  4,  is  a  Pratt  truss  with  parallel  chords  in  which  the  main  panels 
have  been  subdivided  by  an  auxiliary  framework.  The  auxiliary  framework  may  have  struts 
a*  in  (k)>  <"'  ties  as  in  (i),  Fig.  4.     The  Bidtimore  truss  with  inclined  upper  chords,  (i)  Fig.  4,  is 
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called  a  Petit  truss.  A  modified  form  of  the  Petit  truss  that  is  Kiinetimes  used,  U  shown  in  (j), 
Fig.  4.  Baltimore  and  Petit  trusses  are  statically  determinate  for  all  conditiooa  of  loading; 
are  economical  io  construction  and  satisfactory  in  service,  aad  have  almost  entirely  replaced  thi 
Whipple  tniBB  for  long  span  bridges. 

The  types  of  umple  bridge  trusses  described  above  are  thoae  that  are  in  the  moat  common 
use,  although  quite  a  number  of  other  types  of  trusses  have  been  used  and  abandoned. 

Boaina  and  Plate  Girderi. — For  spans  of,  say,  30  ft.  and  under  rolled  beams  are  often  used  tc 
carry  tbe  roadway,  while  for  spans  from  about  30  to  loo  ft.  plate  girders  are  used  for  city  bridges. 
When  the  roadway  is  carried  on  top  of  the  girders,  the  bridge  is  called  a  deck  plate  girder  bridge, 
and  when  tbe  roadway  passes  between  the  girders,  the  bridge  is  called  a  through  plate  girder 
bridge  as  in  Fig.  19. 

^  SmmB»ooc.atiTtiiBtAJim  (i)^nMs  Bi>mE,  Tu»iTAai£  Bcakihs 

Pig.  5.    Swing  Bridges. 

Swing  Bridges. — Swii^  bridges  may  be  made  of  plate  girden  or  trusaea,  and  may  turn  on  a 
center  pivot  as  in  (a),  or  on  a  turntable  supported  on  a  drum  as  in  (b).  Fig.  5.  The  center  pivot 
swing  bridge  has  two  spans -continuous  over  the  pivot  support,  while  tbe  turntable  swil^;  bridge 
has  three  spans  ordinarily  continuous  over  tbe  middle  suppmts. 

Steel  Arches. — Steei  arch  bndges  are  made  (i)  with  three  hinges,  (3)  with  two  bii^ges,  and 
(3)  without  hinges,  and  may  have  solid  webs,  or  spandrel  or  open  webs. 

Cantilever  Bridges. — A  cantilever  bridge  consists  of  two  anchor  spans,  which  support  .' 
suspended  or  channel  span.  The  shore  ends  of  the  anchor  spans  aic  anchored  to  the  shore  piert 
and  are  supported  on  the  river  piers. 

Suspension  Bridges. — In  a  auspenuon  bridge  tbe  roadway  is  supported  by  hangers  attached 
to  the  main  cables.  Stiffening  trusses  are  placed  above  the  plane  of  the  roadway  to  assist  in 
distnbuling  the  live  loads  and  for  the  purpose  of  increaung  the  rigidity  of  the  structure- 
Simple  truss  bridges,  beam  and  plate  girder  bridges,  only,  will  be  considered  in  this  book. 

LOADS. — The  loads  carried  by  a  bridge  consist  of  (l)  fixed  or  dead  loads,  (a)  the  moving  or 
live  load,  and  (3)  miscellaneous  loads.  The  dead  load  consists  of  the  wright  of  the  structure  and 
is  always  carried  by  the  bridge;  the  live  load  consists  of  the  moving  load  which  the  bridge  is  built 
to  carry,  while  the  miscellaneous  loads  include  wind  loads,  snow  loads,  etc.  Data  on  dead  loads 
are  given  in  the  "Spedlications  for  Steel  Highway  Bridges"  in  the  last  part  of  this  chapter. 

WBIGHT  OF  BRIDGES.— The  weight  of  a  bridge  is  composed  of  (i)  the  weight  of  the 
steel  in  the  steel  framework,  consisting  of  the  vertical  trusses,  the  upper  and  lower  lateral  systems, 
the  floorbeams,  the  portals  and  sway  bracing;  (3)  the  weight  of  the  joists  and  tbe  fence;  and  (3) 
the  weight  of  the  floor  covering. 

American  Bridge  Company  Standards. — To  cover  a  considerable  range  of  conditions  the 
weights  of  two  trusses  of  tow  Pratt  pin-connected  bridges  are  given  in  Fig.  9:  the  weight  of  one 
floorbeam  for  various  panel  lengths  and  widths  of  roadway  for  a  live  load  of  lOO  lb.  per  sq.  ft.  of 
roadway  are  given  in  Fig.  6;  while  in  Fig.  7  arc  given  the  weights  of  lateral  systems,  including 
portals,  per  foot  of  clear  width  of  bridge.  The  upper  lateral  systems  were  designed  for  150  lb. 
per  lineal  foot  of  bridge,  and  the  lower  lateral  systems  were  designed  for  a  wind  load  of  300  lb.  per 
lineal  foot  of  bridge,  150  lb.  being  conndered  as  a  moving  load. 

Problem  I. — For  example  to  find  the  weight  of  a  five  panel,  low,  Pratt,  i»n-connected  high- 
way bridge  having  a  span  of  80  ft.  and  a  clear  loadway  of  18  ft.,  the  trusses  being  deugned  for  a 
live  load  of  i,6oo  lb.  per  lineal  foot  of  bridge,  and  the  floor  system  for  a  live  load  of  100  lb.  per  sq. 
ft.  of  floor,  proceed  as  follows; 
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The  total  weigbt  of  two  So  ft.  trusses,  from  Fig.  9 l3.7oo  lb. 

The  total  weight  of  4  floorbeanu  for  a  panel  length  of  16  ft.  and  a  roadway  of 

18  ft,,  from  Fig.  6  »  4  X  1,100 4^*00  15. 

The  total  weight  of  lateral  systems,  including  portals,  for  a  clear  roadway  of 

18  ft.,  from  Fig  7  —  18  X  190   3,420  lb. 

Total  weight  of  steel  in  bridge  exclusive  of  joists  and  fence 20,530  lb. 
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The  wdghts  of  two  trusses  of  low,  riveted,  box-chord,  Warren  truss  bridges,  are  given  in 
Fig.  8;  the  weights  at  two  trusses  of  double  inceraection.,  quadrangular,  riveted,  through  Warren 
truss  bridges  are  given  in  Fig.  ii ;  the  weights  of  two  trusses  of  riveted,  through  Pratt  truss  bridges 
are  given  in  Fig.  lo;  the  weights  of  two  trusses  of  pin-connected,  through  Pratt  truss  bridges  < 
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Fig.  8.  Fig.  9. 

are  given  in  Fig.  13;  and  the  weights  of  two  trusses  of  pin-connected,  through  curved-chord  Pratt 
and  Petit  truss  bridges  are  given  in  Fig.  13.     The  weights  of  floorbeams  as  given  in  Fig.  6,  and 
the  weights  of  lateral  systems  as  given  in  Fig.  7,  are  to  be  used  in  connection  with  all  diagrams   ; 
giving  the  weights  of  two  trusses. 
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Fig.  10. 


Problem  2. — As  a  second  examfde  it  is  required  to  calculate  the  weight  of  an  S-panel,  pin- 
connected,  Pratt  truss  highway  bridge,  having  a  span  of  160  ft.,  a  roadway  of  16  ft.  in  the  clear, 
the  trusses  having  been  designed  for  a  live  load  of  1,400  lb.  per  lineal  foot  of  bridge,  and  the  floor    ' 
for  a  load  of  100  lb.  per  sq.  ft.  of  floor. 
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WEIGHTS  OF  BRIDGES  WITH  SIDEWALKS.  1 

Total  weight  of  two  i6o-ft.  trusses,  from  Pig.  12,  by  interpolation 40,000  lb. 

Total  weight  of  7  BoorbeamB  for  a  16-ft.  roadway  and  a  30-ft.  panel,  from 

Fig.  6  -  950  X  7 6.650  lb. 

Total  weight  of  lateral  systems,  includiag  portals,  from  Fig.  7  «  16  X  410.  ■  -  6,560  lb. 
Total  wdght  of  bridge 53>3io  lb. 


Fig.  12. 


Fig.  I 


Wei^t  of  Beam  Bridges. — The  weights  of  beara  bridges,  aa  designed  by  the  American 
Bridge  Co.  for  different  roadways,  are  given  in  Table  II.  The  lengths  of  span  for  difierent  loadings 
may  be  used  as  given  in  Table  I. 

TABLE  I. 

Pbrmissiblb  Span  of  Beams  for  Different  Loadings,  Arranged  as  in  Table  II. 


Stme  of  Bisiiu.  Id. 

■^■•'■•"^r^V'i^"'^-" 

Mutmun.  SpM,  for  a  IJ«  l^  of 

us  lb.  per  M.  ft .  or  a  IS  Too 

Road  Ridkr,  R. 

6 

I 

9 
IS 

16 
19 

IS 

19 

3S 
40 

1* 
17 

to 
40 

Weights  of  Bridges  witb  Sdewalks. — In  estimating  the  weight  of  highway  bridges  with  side- 
walks the  live  load  used  in  getting  the  weights  of  the  trusses  will  be  the  total  live  load  on  both  the 
roadway  and  the  sidewalk.  The  sidewalk  floorbeams  should  be  assumed  as  weighing  the  same 
per  foot  as  the  main  floorbeams,  and  100  lb.  should  be  added  for  each  railing  post  and  sidewalk 
bracket. 

Problem  3. — Required  the  weight  of  a  low.  riveted,  five-panel  Warren  truss  bridge,  span  80 
ft.;  clear  roadway  16  ft.;  two  S-ft.  sidewalks;  live  load  on  roadway  100  lb.  per  sq.  ft.,  or  1,600  lb. 
per  lineal  foot  of  bridge;  live  load  on  sidewalk  So  lb.  per  sq.  ft.  or  800  lb.  per  lineal  foot  of  bridge 
making  a  total  of  a.400  lb.  per  lineal  foot  of  bridge.  The  total  weight  of  the  steel  exclusive  of 
joist  and  fence  will  be: 
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Wright  of  two  80  ft.  trusses,  live  load  3,400  lb„  Fig,  8 16.250  lb. 

Weight  of  five  lloorbeams,  16  ft,  roadway.  Fig.  6  -  740  X  5  ■    3J«>  lb. 

Weight  of  wdewalk  floofbeams  -=  10(740  X  A  +  100) 3,310  lb. 

Lateral  bracing  -  80  X  16.  F^.  7 .  .  , •   l.aBo  lb. 

Total  weight  of  steel  exclusive  of  jtnata  and  fence 24,6401b. 

TABLE  11. 
Weights  of  Beam  Bridges,    (American  Bridge  Co.) 


Slic  of  Join  Uied. 


Width  of  Roadi 


of  JolMiUaed. 


7"  I^i;  II 
7"  [>-9i  11 


,,"1^3,1  lb. 

i»"  I.— ic4  lb. 


Joiiti,  lb.  per  lin.  ft. 
2  WbU  channeU. 

1  Set  bracing. 
Field  bolti  and  clipi. 
JoisU,  lb.  per  lin  ft. 

2  Wall  channels. 
I  Set  bracing. 
Field  bolu  and  clips. 
JoiatB,  tb.  per  lin.  ft. 
1  Wall  channel!. 

I  Set  bracing- 
Field  bolu  and  dipi. 
Joiitt,  lb.  per  lin.  ft. 
1  Wall  channels. 
1  Set  bracing. 
Field  bolt*  and  clips. 
Joiiti,  lb.  per  lin.  ft. 
z  Wall  channeU. 

1  Sec  bracing. 
Field  botti  and  clip*. 
Joisti,  lb,  per  lin.  ft. 

2  Wall  channels. 
2  Sets  bracing. 
Field  bolu  and  dip). 
Joiiti,  lb,  per.  lin.  ft 
2  Wall  channels. 

2  Seu  bracing. 
Field  bolu  and  dipt. 
Joists,  lb.  per  lin.  ft. 
2  Wall  chacincll. 
2  Sets  bracing. 
Field  bolu  and  clip*. 
Joists,  lb.  per  lin.  ft. 


Lumber:  Ft.  B.  M.  per  lin.  ft.  span. 


Railing;  Total  weight  of  2  sides  =  33  lb.  X  length  in  feet  +  100  lb. 
Extreme  length  of  span  —  clear  span  +  2  ft.  (ordinarily). 
Bracing;   12  in.  and  15  in.  beams  have  2  sets;  all  other  sizes  i  set. 
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BOSTON  BRIDGE  WORKS  STAHDARDS.*— The  weights  of  tteel  highway  brieves 
designed  by  the  Boston  Bridge  Works  are  as  follows: 

Through  truss  highway  briages  without  sidewalks  designed  for  a  live  load  of  80  lb.  per  sq.  ft. 
for  the  trusses,  100  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor  The  weight,  u,  of  steel  in  lb. 
per  sq.  ft.  of  area  covered  by  the  flcxir,  not  including  joist  or  fence,  for  ft  span  of  L  It.,  is 

w  -  5  +  i/9  S  (I) 

The  weight  of  through  truss  highway  bridges  with  two  ndewalks  is 

w  -  a.8  +  L/11.3  (a) 

The  sidewalks  were  5  or  6  ft,  wde,  and  the  clear  roadways  were  16  to  ao  ft.  The  total  area 
covered  by  the  roadway  and  sidewalk  Hoors  is  to  be  used  in  calculating  the  weight  of  steel. 

Wei^ts  of  Steel  Highway  Plate  Girder  Bridges. — The  weights  of  highway  plate  girder 
bridges  as  designed  by  the  Boston  Bridge  Works  for  the  live  loads  shown  are  as  follows. 

Deck  plate  girder  highway  bridges  without  sidewalks  designed  for  a  live  load  of  100  lb.  per 
sq.  ft.  for  girders,  100  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor.  The  weight,  tc.  of  steel  in 
lb.  per  sq.  ft.  of  area  covered  by  the  floor,  not  including  joist  or  fence,  for  a  span  of  L  ft.,  is 

w  -  a.5  +  I-ISA  (3> 

The  we^ht  of  deck  plate  prder  highway  bridges  with  sidewalks  is 

cv  -  a.5  +  L/4.4  (4) 

Tbe  weight  of  through  plate  girder  highway  bridges  without  sidewalks  is 

«>  -3  +  i/4-a5  (5> 

Tbe  we^t  irf  through  plate  girder  highway  bridges  is 

w  -  3  3  +  i/5.6  (6> 

Wei^t  of  EI«ctric  Railway  Bridges.^The  Boston  Bridge  Works  gives  the  following  fonnula 
for  the  weight  of  electric  railway  bridges,  where  W  =  total  weight  of  steel  in  lb.  per  lineal  foot  of 
bridge  and  L  is  the  span  of  the  bridge  in  feet. 
Beam  bridges 

W-y,  +  sL  (7) 

Light  truss  bridges 

W-2<30  +  O.SL  (8> 

Heavy  truss  bridges 

IP  -  350  +  l.5i  (9) 

The  beam  bridges  were  designed  for  30-ton  cars;  the  light  truss  bridges  were  designed  for 
15-ton  care  or  1,500  lb.  per  lineal  foot  of  bridge,  and  the  heavy  truss  bridges  were  designed  for 
30-ton  cars,  or  3,000  lb.  per  lineal  foot  of  bridge, 

TTPES  OP  STllUCTiniE.~The  types  of  structure  for  steel  highway  bridges  as  recom- 
roended  by  tbe  author  are  given  in  section  3,  "  General  SpeciGcations  for  Steel  Highway  Bridges," 
printed  in  the  last  part  of  this  chapter. 

The  types  of  structure  for  bridges  carrying  electric  railway  bridges  as  specified  by  the  Massa- 
chusetts Railroad  Conmission,  Mr.  George  F.  Swain,  Consulting  Engineer,  are  as  follows: 

For  single  spam,  the  following  types  of  structure  shall  be  adopted,  unless  peculiar  drcuni- 
stances  prevent,  vir  : — 
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For  spans  up  to  30  ft.,  wooden  strinKcrs  or  rolled  beams.  ! 

For  spans  from  ao  ft.  to  30  ft.,  rollea  beams  or  plate  girders. 

For  spans  from  30  ft.  to  70  ft.,  plate  girders. 

For  spans  from  70  ft.  to  100  ft.,  plate  girden  or  riveted  tnuacs. 

For  spans  from  100  ft.  to  135  ft.,  riveted  trusses. 

For  spans  from  135  ft.  to  300  ft.,  riveted  or  pin  trusses. 

For  spans  above  3O0  ft.,  pin  trusses. 

LIVE  LOADS. — The  effect  of  impact  on  highway  bridges  carrying  electric  cars  is  very  much 
less  than  on  railway  bridges  carrying  steam  trains.  A  description  of  a  scries  of  experiments  tjn 
the  effect  of  impact  on  highway  bridges  carried  on  by  Professor  F.  O.  Dufour  of  the  University  of 
IllincHS,  is  given  in  Journal  of  Western  Society  of  Engineers,  June,  1913.  These  experiments 
show  that  a  heavy  floor  reduces  the  effect  of  impact.  The  experiments  were  too  few  in  number  to 
be  of  much  assistance  in  determining  the  proper  percentage  of  impact.  The  American  Bridge 
Company  adds  25  per  cent  to  the  calculated  live  load  stresses  to  take  account  of  impact.  The 
allowance  for  impact  of  the  Massachusetts  Railroad  Commission  is  given  in  an  extract  from  the 
specifications,  which  are  quoted  on  the  following  pa^.  In  the  author's  "Specifications  for  Stcd 
Highway  Bridges"  he  has  taken  impact  for  highway  bridges  as  one-third  that  specified  for  railway 
bridges. 

The  live  loads  for  highway  and  electric  railway  bridges  as  recommended  by  the  author  are 
given  in  section  39  of  the  "Specifications  for  Steel  Highway  Bridges"  printed  in  the  last  part  of 
this  chapter,  calculated  for  impact  as  required  in  section  36. 

The  loads  required  by  the  Massachusetts  Railroad  Commission  for  bridges  carrying  electric 
railways  are  given  in  the  1908  specifications  as  follows: 

12.  The  following  loads  shall  be  provided  for: — 
First.     Dead  Load.— The  weight  of  the  structure  itself. 

In  computing  this,  the  weight  of  timber  shall  be  taken  as  4}  lb.  per  foot  board  measure;  and 
the  weight  of  rails,  steel  guard  rails,  spikes,  and  bolts,  shall  be  taken  as  not  less  than  100  lb.  per 
linear  foot  of  each  track;  but  the  total  weight  of  the  floor,  above  the  stringers,  shall  not  be  assumed 
less  than  300  lb.  per  running  foot  tor  each  track. 

Second.     Uva  Load. — The  moving  load. 

Stringer  spans  and  the  floor  system  of  all  trusses  or  girders  shall  be  proportioned  to  carr>'  a 
double-truck  car  weighing  when  loaded  50  tons  with  a  total  whcel'base  of  25  ft.  and  a  wheel-l»se 
for  each  truck  of  s  ft. 

13.  Uniform  Load. — Trusses  and  girders  shall  be  proportioned  to  carry  one  car  of  the  above 
type,  or  a  uniformly  distributed  load,  on  each  track.  This  uniform  load  shall  be  varied  according 
to  the  length  which  has  to  be  loaded  by  it  to  produce  the  maximum  stress  in  the  member  in  ques- 
tion. If  this  "loaded  length"  is  loO  ft.  or  less,  the  load  shall  be  1,500  lb.  per  linear  foot  of  track; 
and  if  the  "loaded  k;n^h"  is  300  ft.  or  over,  the  load  shall  be  1,000  lb.  per  linear  foot  of  track, 
and  proportionally  for  mterm^iate  lengths. 

14.  Highway  Bridges. — In  highway  bridges  carrying  electric  roads  the  above  specifications 
shall  apply  with  reference  to  the  loads  upon  the  railway  track.  In  addition,  tlw  following  moving 
loads  should  be  assumed  upon  the  highway  floor: — 

(fl)  City  BridgBB. — For  city  bridges,  subject  to  heavy  loads: — 

For  the  floor  and  its  supports,  a  uniform  load  of  too  lb.  per  sq.  ft.  of  surface  of  the  roadway 
and  sidewalks,  or  a  concentrated  load  of  30  tons  on  two  axles  la  ft.  apart,  with  6  ft.  between 
wheels.  In  computing  the  floorbeams  and  supports,  the  railway  load  shall  be  assumed,  tt^cthcr 
with  either  (i)  tnis  uniform  load  extending  up  to  within  two  feet  of  the  rails,  or  (3}  the  above- 
described  concentrated  load  alone. 

For  the  trusses  or  girders,  100  lb.  per  sq.  ft.  of  floor  surface  for  spans  of  100  ft.  or  less,  80  lb. 
for  spans  of  300  ft.  or  over,  and  proportionally  for  intermediate  spans.  This  uniform  load  is 
to  be  taken  as  covering  the  floor  up  to  within  two  feet  of  the  rails. 

(6)  Suburban  Bridges. — For  suburban  or  town  bridges,  or  heavy  country  highway  bridges: — 

Fur  the  floor  and  its  supports,  a  uniform  load  of  100  lb.  per  sq.  ft.,  or  a  concentrated  load  of 
13  tons  on  two  axles  S  ft.  apart;  these  loads  to  be  used  as  described  under  (a). 

For  the  trusses  or  girders.  So  lb.  per  sq.  ft.  of  floor  surface  for  spans  of  100  ft.  or  less,  and  60 
lb.  for  spans  of  300  ft.  or  more,  and  proportionally  for  intermediate  spans;  to  be  used  as  described 
under  (a).    See  (d). 

(c)  Conntry  Bridges. — For  light  country  highway  bridecs: — 

For  the  floor  and  its  supports,  a  uniform  load  of  So  lb.  per  sq.  ft.;  this  load  to  be  used  as 
described  under  (a).    See  (d). 
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For  the  tnisaea  or  girders,  So  lb.  per  sq.  ft.  of  floor  lurface  for  spans  of  75  ft.  or  lesi,  and  50 
lb.  for  spans  of  300  ft.  or  more,  a.nd  proportionally  for  intermediate  spans;  to  be  used  as  described 
under  (a). 

(d)  Koad  Rollers. — All  parts  of  the  flour  of  a  highway  bridge  should  also  be  proportioned  to 
carry  a  road  roller  weighing  15  tons,  and  having  three  wheels  or  rollers,  the  weight  on  the  front 
roller  being  6  tons,  and  the  weight  on  each  rear  roller  to  be  4.5  tons.  The  width  of  the  front 
rolleris  tobe  taken  oba  ft.,  and  of  each  rear  roller  20  in.;  the  distance  apart  of  the  two  rear  rollers 
to  be  5  ft.  centers,  and  the  distance  between  front  and  rear  rollers  ti  ft.  centers.  In  using  this 
roller,  the  fiber  stresses  allowed  shall  be  30  per  cent  above  those  specified  in  paragraph  18;  and,  if 
the  stringers  arc  not  over  3}  ft.  apart  on  centers,  each  load  shall  be  considered  distributed  equally 
on  two  stringers. 

(e)  Itos. — If  ties  or  wooden  floorbeams  are  exposed  to  bendit^,  the  weight  on  one  axle  shall 
be  oonadered  as  distributed  equally  upon  three  ties,  if  the  latter  are  not  over  8  in.  apart  in  the 
clear.  If  they  are  farther  apart,  the  load  on  each  shall  be  found  by  assuming  an  axle  load  to  be 
distributed  uniformly  over  a  distance  of  four  feet. 

15.  InqiacL — The  total  maximum  stress  in  any  piece  shall  be  computed  by  adding  together 
the  dead  and  live  stresses,  the  live  loads  being  placed  in  the  most  unfavorable  position,  together 
with  a  percent^e  of  the  live  stress  to  allow  for  impact  and  vibration.  This  added  percentage 
shall  be  as  follows: — 

For  floorbeams  and  stringers 35  per  cent 

For  floorbeam  hangers 40   "       " 

For  all  counters. 40   "      " 

For  other  members  in  trusses,  and  for  main  girders : — 

When  the  "loaded  length"  is  20  ft.  or  less 23   " 

When  the  "loaded  length"  is  300  ft.  or  more 10   "       " 

aod  proportionally  for  intermediate  lengths. 

Wind  Loads. — The  wind  loads  for  highway  bridges  are  given  in  "Specifications  for  Steel 
Highway  Bridges,"  printed  in  the  last  part  of  this  chapter. 

HlBcellAneotiB  Loads. — For  additional  loads  and  specifications  for  various  details,  see  the 
author's  specifications  printed  in  the  last  part  of  this  chapter. 

CALCULATION  OF  STRESSES.— For  the  calculation  of  the  stresses  in  highway  bridges, 
see  the  author's  "The  Design  of  Highway  Bridges,"  also  see  Chapter  XVI, 

ALLOWABLE  STRESSES.— For  allowable  stresses  to  be  used  in  the  design  of  steel  highway- 
bridges,  see  "General  Specifications  for  Steel  Highway  Bridges,"  printed  in  the  last  part  of  this 

SHORT  SPAN  STEEL  HIGHWAY  BRIDGES.— The  term  short  span  highway  bridges 
will  be  assumed  to  include  beam,  leg,  low  truss  and  plate  girder  bridges. 


Fig.  14.    Bbau  Bbipge.    Ahbrican  Bridge  Company. 
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Beam  Bridgea. — Beam  bridges  are  made  by  placing  steel  beanu  tide  by  aide  with  the  ends 
resting  on  the  abutments.  The  roadway  floor  is  usually  made  of  planks  laid  transversely  an  the 
tops  qI  the  beams.  The  spacing  of  the  beams  depends  upon  the  load  to  be  carried  and  upon  the 
thickness  of  the  floor  planks,  and  varies  from  3  to  3  ft.  A  common  rule  for  the  thicknesa  of  oak 
floor  planks  is  that  the  plank  shall  have  at  least  one  inch  in  thickness  foreach  foot  of  spacing  of 
the  joists  or  BtringerB.  The  outside  beams  carry  a  smaller  load  than  the  intermediate  beams  and 
are  usually  ste«I  channels.  The  intermediate  beams  are  steel  I  beams.  It  is  commonly  specified 
that  rolled  beams  shall  have  a  depth  not  less  than  iV  the  spaa. 


Fio.  15. 

Standard  steel  beam  bridges,  as  designed  by  the  American  Bridge  Company,  are  shown  in 
Fig.  14  and  Fig.  15.  The  details  of  both  bridges  are  the  same  with  the  exception  of  the  fence. 
The  beams  rest  directly  on  the  bridge  seat  of  the  abutment  although  a  channel  with  the  legs 
turned  down  to  carry  the  beams  is  sometimes  laid  on  the  bridge  seat.  The  gas-pipe  rail  in  Fig. 
14  is  much  cheaper  than  the  lattice  rail  in  Fig.  15.  The  sizes  and  spacing  of  the  beams  for  the 
standard  beam  bridges  shown  in  Figs.  14  and  15  for  different  roadways  and  spans  are  given  in 
Tabic  III  (also  see  Tables  I  and  II).  The  bridges  in  Table  III  were  designed  for  a  live  load  of 
125  lb.  per  square  foot  of  floor,  or  a  15-ton  road  roller.  The  weight  of  the  railing  shown  in  Fig.  15 
may  be  taken  at  33  lb.  per  lineal  foot  of  bridge,  plus  lOO  lb.  for  each  railing  post. 

In  the  place  of  the  spiking  strips  on  the  tops  of  the  beams,  as  shown  in  Fig.  15,  spiking  strips 
are  sometimes  bolted  on  the  sides  of  the  channels  and  the  center  1  beam,  or  two  channels  arc 
used  for  the  center  beam  with  the  spiking  strip  bolted  between  them.  The  floor  planks  are  spiked 
to  these  spiking  strips,  and  are  fastened  to  the  other  beams  by  clinching  spikes,  which  have  been 
driven  through  the  planks,  around  the  top  flanges  of  the  beams. 

The  maximum  span  for  beam  bridges  should  be  30  ft.  Riveted  truss  bridges  should  be  used 
for  spans  of  30  ft.  and  upwards  for  country  bridges,  and  plate  girders  for  heavy  city  bridges. 
Riveted  bridges  for  spans  of,  say  40  ft.,  are  more  economical  than  plate  girder  bridges  and  will 
give  fully  as  great  a  length  of  service  if  properly  designed  and  constructed.  TTie  ends  of  beam 
bridges  should  always  be  supported  on  masonry  abutments. 

Solid  floors  made  of  reinforced  concrete  are  also  used  on  beam  bridges..^ 
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TABLE  III. 
Standakd  Esau  Hichway  Bbidgbs.    (Amebican  Bridge  Cohpaky,  Class  D  Loading.) 


outofbeanv 

n'Wide 

/4V/iife 

16'ild'Wlile 

zo'm'wus 

lO'kU! 

?-ri>fili. 

<-7*«  lb. 
2-7''S^}lb. 

S-7'l'l5lb. 
Z-rC'i^lb. 

e-7'l'ISIk 
Z-TStilk 

15%  le' 

i-6l'ie  lb. 

l-8'Olt^ib. 

4-e/iiie  Ik 

2-S'Sllilb. 

s-e^'iBib. 

2-8''5llflb. 

i-eTpieik 

2-8  l>U\lb. 

ii%2!' 

}-i'l>2llk 

i-miiiib. 

i-H'MI  lb 
2-rsl3ilb. 

5-0"l'2l  Ik 
2-0'Dliilb 

e-i'iniib 
2-fsniik 

2}%!6' 

S-I0'l3l5  lb. 
2-IO'SIS  lb. 

A-I0'ji25  lb 
Z-W'SIS  lb 

5-IO'P25  Ik 
2-IO''SI5  Ik 

6-IO'p2S  Ik 
2-lo'oiS  lb 

v'tciO' 

3-niniiib 

Z-IZ'S20ilk 

4-12'IsSlflb. 
2-n'S2Silb. 

i-12'PVilk 
2'l2'B2lfilk 

f-i2iiiijik 

2-l!'02^lk 

il'teSi' 

3-lsi'4!  It 
2-IS'l>!}  lb 

4-IS'l'42  lb 
2-l!'S}}  lb. 

S-IS'^42  Ik 
Z-IS'S!}  Ik 

t-l!'l>42  Ik 
2-lHaS}  Ik 

>6'h40' 

!-ie'i'}5  a 

neTpss  lb. 

7-ie/i!55  Ik 

T-ia^SS  Ik 

Notax- Clear  3pan 
to  out  ofbfOrrrs. 


undgr  Coping  /  j  2  fttf  Uss  Ihan,  /tngfh  ovf 
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Cd)  SospfHceo  Flook  Beam  with  Side  Walk 


Fig.  16.     Details  of  Rivbtbd  Low  Trusses. 
(AuEUCAN  Bridge  Coup  any.) 
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RiTBted  Low  Tmaa  BiidgeB. — Low  riveted  bridges  are  made  with  either  Warren  or  Pratt 
trusses,  the  Warren  truss  usually  being  preferred.  The  upper  chords  of  short  and  medium  length 
spans  are  usually  made  of  two  angles,  placed  back  to  back  as  in  Fig.  16,  or  box  laced.  For  longer 
spans  the  upper  chords  may  be  made  of  two  angles  and  a  plate,  two  channels  laccd,  or  two  channels 
with  a  top  cover  plate  and  lacing  on  the  bottom  side  of  the  member.  The  lower  chord  and  the 
web  members  are  made  of  two  angles  placed  in  the  same  relative  portions  as  in  the  upper  chords. 

Details. — Details  of  a  riveted  tow  truss  highway  bridge  with  the  floorbeams  riveted  below 
the  lower  chords,  are  shown  in  Fig.  16.  The  end  shoe  is  bolted  to  the  bridge  seat  by  means  of 
anchor  bolts.  The  holes  in  the  bearii^  plates  of  the  shoes  should  be  slotted  at  one  end  to  permit 
movement  due  to  chaises  in  temperature.  Sliding  plates  should  be  provided  on  the  expansion 
end;  the  surfaces  of  the  bearing  and  sliding  plates  in  contact  being  planes. 

Details  of  riveted  low  truss  highway  bridges  with  box-  and  with  tee-^ords,  and  with  floor- 
beams  riveted  below  the  lower  chords;  and  details  of  a  riveted  low  truss  highway  bridge  with 
boK-ctaorils  and  with  suspended  floorbeams  are  shown  in  Fig.  16.  It  will  be  noted  that  no  side 
braces  are  provided  in  this  design.  The  same  method  of  suspending  the  floorbeams  is  shown  in 
Fig.  16  for  a  low  truss  bridge  with  sidewalks.  Where  side  braces  are  not  used  the  posts  should 
be  made  wider  than  where  braces  are  used. 

The  riveted  low  truss  highway  bridge  with  an  inclined  upper  chord  shown  in  F^.  17,  is  built 
by  the  American  Bridge  Company  for  locations  requiring  an  artistic  and  serviceable  bridge  at  a 
moderate  cost.  This  bridge  has  been  built  with  six  panels  and  with  spans  of  90,  96  and  102  ft. 
The  bridge  in  Fig.  17  has  a  20-ft.  roadway  and  was  designed  for  a  dead  load  of  930  lb.  per  lineal 
foot  of  bridge,  and  a  live  load  of  1,400  lb.  per  lineal  foot  of  bridge.  The  total  weight  of  the  steel 
in  this  bridge,  exclusive  of  joists  and  fence  is,  approximately,  57.000  lb.  The  floorbeams  are 
rolled  I  beams  and  are  riveted  below  the  chords.  The  top  chords  are  made  of  two  channels  with  a 
top  cover  plate,  the  lower  edges  of  the  channels  being  fastened  together  with  tie  plates — lacing 
is  much  better  practice.  The  bottom  chord  is  composed  of  two  angles,  with  tie  plates — tie  plates 
are  all  right  (or  this  member.  The  web  members  are  made  of  3  or  4  angles  laced,  as  shown.  Rods, 
not  shown,  are  used  for  the  bwer  lateral  system. 

Pin-connected  Low  Truss  Bridges. — Fin-connected  low  truss  h^hway  bridges  are  commonly 
built  of  the  Pratt  type,  with  either  half-hip  or  full-slope  end-posts.  The  upper  chords  of  pin- 
connected  low  truss  highway  bridges  are  made  of  two  channels  and  a  top  cover  plate,  or  of  two 
channels  laced,  the  posts  are  usually  made  of  four  angles  laced  or  battened;  while  the  tenaon 
members  arc  made  of  rods  or  eye-bars.  The  posts  and  the  chords  should  be  made  very  wide  and 
should  be  securely  fastened  to  the  floorbeams,  or  side  braces  should  be  used.  The  details  of  the 
American  Bridge  Company's  half-hip,  low  truss  Pratt  highway  bridge  with  the  floorbeams  riveted 
to  plate  hangers  are  shown  in  (a).  Fig.  18;  while  the  details  of  a  full-slope,  low  truss  Pratt  highway 
bridge  are  shown  in  (b).  Fig.  18.  Low  truss  pin-connected  bridges  should  not  be  built  unless 
extreme  care  is  used  to  brace  the  trusses  transversely.  The  half-hip  type  is  more  ripd  than  the 
full-slope  type. 

FlUe  Oirdcn. — Plate  girders  are  frequently  used  for  highway  bridges.  Where  the  conditions 
wilt  permit  deck  plate  girder  bridges  are  to  be  preferred  to  through  plate  girder  bridges  for  highway 
service.  Detail  plans  of  a  through  plate  girder  bridge  with  a  solid  floor  are  given  in  Fig.  19  The 
details  of  plate  girders  when  used  for  b^hway  bridges  are  essentially  the  same  as  when  used  for 
railway  bridges,  which  see. 

Details  of  a  109-ft.  span  through  ptate  girder  highway  bridge  built  over  the  D.  L.  &  W.  R.  R. 
tracks  in  Jersey  City,  N.  J.  are  given  in  Fig.  ao  and  Fig.  21.  The  girders  were  designed  for  a  live 
load  of  100  lb.  per  sq.  ft.  on  roadway  and  sidewalk;  while  the  roadway  floor  was  de«gned  for  a 
live  load  of  lOO  lb.  per  sq.  ft.  and  two  13,000  lb.  axle  loads  spaced  10  ft.  apart  with  an  allowance 
of  ag  per  cent  for  impact.  The  expansion  end  is  carried  on  4  in.  rollers.  The  concrete  has  a 
minimum  thickness  of  4  in.  and  is  covered  with  i)  in.  of  binder  and  2  in.  of  asphalt.  Each  main 
ginler  weighed  112,000  lb.;  and  the  total  weight  of  steel  in  the  bridge  was  atjout  403,000  lb. 
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(Engineering  Record,  May  3\,  1910.) 


STEEL  HIGHWAY  BRIDGES. 


ly  Google 


HIGH  TRUSS  STEEL  HIGHWAY  BRIDGES, 


125 


mOH  TRUSS  STEBL  HIGHWAT  BRIDGES.— Through  tnua  bridges  with  apaiu  oT 
from  So  to  170  ft.,  are  built  with  parallel  chords  and  with  either  pin-connected  or  riveted  joints. 
For  spans  of  from  160  to  aso  ft.  bridges  are  usually  built  of  the  Pratt  type  with  inclined  upper 
chord  (camel-back)  trusses.  Above  aao  ft.,  bridges  are  usually  built  with  the  Petit  type  of  truss. 
The  above  limits  are  approximate  only.  High  truss  pin-connected  bridges  should  never  be  built 
frith  less  than  five  panels. 

Types  of  bridge  adopted  in  the  American  Bridge  Company's  standards  are  as  follows: 

Pratt,  pin-connected  trusses 80  to  168  ft.  span 

Pratt,  riveted  trusses 80  to  168  ft.  span 

Warren,  quadrangular,  riveted  trusses 80  to  15a  ft.  span 

Inclined  chord  Pratt  (camel -back),  pin-connected  trusses 168  to  220  ft.  span 

Petit  trusses,  pin-connected 2jo  ft.  span  and  over. 

Bxuqtles  of  Midway  Bridges. — The  details  of  a  riveted  truss  highway  bridge  for  l^ht 
country  traffic  designed  by  Mr.  H.  S.  Crocker,  Consultii^  Engineer,  Denver,  Colo.,  are  given  in 
Fig.  32  and  Fig.  23.  The  details  of  a  pin-connected  truss  highway  bridge  designed  for  country 
traffic  are  given  in  Fig.  24,  Fig.  25  and  Fig.  26.  Both  of  these  bridges  represent  standard  practice 
in  the  design  of  steel  highway  bridges  for  light  country  traffic.  For  additional  examples  of  steel 
highway  bridges,  see  the  author's  "The  Design  of  H^hway  Bridges." 

Economic  Depth  and  Panel  Length  of  Trussos. — The  economic  depth  and  panel  length  of 
trusses  is  not  capable  of  mathematical  calculation.  The  minimum  depth  is  determined  by  the 
required  clear  head  room,  which  varies  from  la}  to  15  ft.  Short  panel  lengths  give  heavy  trusses 
and  light  floor  systems;  while  long  panels  give  light  trusses  and  heavy  floor  systems.  For  ordinary 
conditions  it  is  not  economical  to  use  panel  lengths  less  than  15  ft.  for  short  spans  nor  more  than 
35  ft.  for  long  spans.  The  minimum  depth  for  through  spans  b  about  i6feet  where  the  floorbeams 
are  placed  below  the  lower  chords.  To  make  a  stiff  structure,  the  depth  should  be  sufficient  to 
permit  the  placing  of  the  floorbeams  above  the  lower  chords  and  to  permit  of  efficient  portal  and 
sway  bracing.  Experience  has  shown  that  the  most  economical  conditions  occur  when  the  angle  B. 
the  tangent  of  which  is  the  panel  length  divided  by  the  depth,  is  about  40  degrees.  The  top  chord 
points  of  bridges  with  inclioed  chords  should  be  approximately  on  a  parabola  pasdng  through  the 
pin  at  the  hip. 

TABLE  IV. 

Dbftss  AMD  Panel  Lengths  of  Through  Highway  Bridges  Used  by  Auebican  Bkidgb 

Company. 


TroeoTTruM. 

Span,  F«l. 

"^s^."^ 

Ratio  of  Depth  to  Pud  Leogth. 

Pratt,  riveted  and  pin-connected 

Soto    9C 

0  to  116 

1 

1.0 

"33  to  147 
■   is»to.68 

7 
8 

lit 

80  to    90 

1.0 

goto  114 

1.0 

119  to  133 
13510152 

5 

11 

Came^luck,  pin-connected 

161  to  iBo 

190  to  210 

9 

1.0,  I.IS9,  i.is,  1.29 
1.0,  1.Z38,  1.18,  M3 

140  to  176 

29+  to  312 

H 

1.0,  I.J97.  I.S5S,  1.714 

1.0,    I.j6,    1,60,    1.84,    2.O0 

HIOHWAT  BRIDGE  FLOORS. — Highway  bridge  floors  are  made  of  timber  as  in  Figs. 
a7  and  a8;  reinforced  concrete;  buckle  plate;  corrugated  steel  floor,  Z-bar  floor,  or  angle  and  plate 
floor  filled  with  concrete.  For  specifications  for  floors,  see  "Spedfications  for  Steel  Highway 
Bridges"  in  the  latter  part  of  this  chapter.  C  \)t)Q[c 
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Flank  Floon. — The  wearii^  surface  should  be  of  white  oak  or  similar  timber  laid  transversely 
of  the  bridge.  Where  two  layers  of  plank  are  used  the  lower  layer  U  commonly  laid  diagonally. 
Planka  should  be  laid  from  1  to  ^  in.  apart  so  that  water  will  not  be  retained  but  will  run  through 


Fio.  37.    Timber  Floor,  20th  Street  Viaduct,  Dbhvek,  Colorado. 

and  give  the  planks  an  opportunity  to  dry  out.    Where  more  than  one  layer  of  planks  is  used  the 
moisture  la  retained  and  decay  is  quite  rapid  unless  precautions  are  taken  to  protect  the  timber. 


Fig.  a8.    Timber  Floor,  23RD  Street  Viaduct,  Denver,  Colorado. 

A  liberal  application  of  coal  tar  to  the  surfaces  that  are  not  exposed  will  prolong  the  life  of  the- 
floor  materially.  If  possible,  timber  treated  by  a  preservative  process  should  be  used  for  floors 
composed  of  more  than  one  layer  of  plank.     Each  plank  should  be  solidly  spiked  to  the  joists^ 
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UBtag  4od  sfukes  for  fdanke  si  in.  thick  and  under,  and  6od  spikes  for  planks  from  2}  to  4  in. 
thick.  Where  steel  joists  are  used,  spiking  strips  about  3  in.  X  8  in.  are  bolted  to  the  ttqw  of 
all  joists,  or  sinking  strips  4  in.  X  6  in.  are  bolted  to  the  sides  of  three  line*  of  joists  under  each 
plank  lei^[th.    When  the  latter  method  is  used  the  floor  planks  are  fastened  to  the  intennediate 


Fic.  ig.     Details  op  Concrete  Floor. 


20'-0'4n}  ieirders  ■ 


3ect/'e>rr 
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Fig.  30.    Floor  of  Hasuson  Strbet  Platb  Gikdbr  Bridgs,  Princeton,  N.  J. 
(American  Bridge  Co.) 

joist*  by  bending,  spikes,  driven  through  the  floor  plank,  around  the  >ippcr  flanges  of  the  joists. 
Two  channels  with  a  3  in.  X  6  in.  spiking  piece  bolted  between  the  channels  a: 
for  the  renter  line  of  joists.     Channels  are  commonly  used  for  the  outside  jcuats. 
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A  timber  floor  with  creosoted  timber  block  wearing  surface  is  Bhown  in  Fig.  37,  The  timber 
blocks  should  be  Uid  with  plenty  of  room  for  the  intch  filler,  and  should  not  be  laid  on  a  sand 
cushion.  Where  timber  blocks  have  been  laid  on  a  sand  cushioa  the  blocks  have  crawled  and 
heaved  so  badly  that  the  paving  has  not  been  satisfactory. 

Reinforced  Concrete  Floors. — The  lower  edge  is  reinforced  with  expanded  metal,  with  rods, 
or  with  wire  netting  or  other  form  of  reinforcement.  The  wearing  surface  of  the  roadway  of 
reinforced  concrete  floors  is  commonly  made  of  asphalt  as  in  Fig.  30,  of  paving  brick  as  in  Fig.  39, 
of  wooden  blocks  or  other  form  of  pavement.  Recently  the  wearing  surface  has  been  made  of 
rougheited  concrete,  but  its  use  is  still  in  the  experimental  stage.  (Roughened  concrete  wearing 
surfaces  on  bridges  in  Denver,  Colo.,  are  giving  excellent  satisfaction.)  The  wearing  surfaces  of 
foot  walks  are  made  of  concrete  with  a  cement  finish  as  for  sidewalks.  Care  should  be  used  to 
provide  an  expansion  joint  at  one  end  of  the  bridge.  This  may  be  accomplished  by  means  of  a 
bent  plate  filled  with  asphalt  placed  between  the  end  of  the  floor  and  the  abutment. 

Bnckle  PUtra.— Buckle  plates  are  made  by  "dishir^"  flat  plates  as  in  Table  55,  Part  II, 
The  width  of  the  buckle  W  or  length  L,  varies  from  2  ft.  6  in.  to  5  ft.  6  in.  The  buckles  may  be 
turned  with  the  greater  dimenuon  in  either  direction  of  the  plate.  Several  buckles  may  be  put 
in  one  plate,  all  of  which  must  be  the  same  size  and  symmetrically  placed.  Buckle  plates  are 
made  i  in.,  A  iH',  I  >i>-  and  -fi  iri.  in  thickness.  For  details  of  corrugated  steel  floors  see  Fig.  36 
Chapter  i. 


Fig.  31.    Lattice  Floorbeam  and  Solid  Buckle  I^ate  Floor. 

WATBSPROOFIHO  BRIDGE  EXOORS.— For  methods  erf  waterproofing  bridge  floors, 
see  methods  of  watetproofing  railway  bridge  floors  in  Chapter  IV. 

SHOES  AND  PEDESTALS.— The  bridge  rests  on  shoes  or  pedestals,  the  loads  beir^  trans- 
ferxed  to  the  shoes  in  pin-connected  bridges  by  means  of  pins,  and  through  the  riveted  joints  in 
riveted  bridges.  The  shoes  at  the  expansion  ends  of  the  bridge  are  placed  on  smooth,  sliding 
plates  for  bridges  of  less  than,  say,  70  ft.  span,  and  on  nests  of  rollers  for  spans  of  greater  length. 
The  action  of  the  rollers  under  the  expansion  ends  of  riveted  bridges  will  be  much  more  satis- 
factory if  the  shoes  are  pin-connected  to  the  truss  the  same  as  for  pin-connected  trusses.  Rollers 
should  be  made  with  as  large  diameters  as  practicable  in  order  to  reduce  the  pressure  on  the  base 
plate  and  also  to  reduce  the  resistance  to  movement.  Experience  shows  that  even  for  light 
bridges  rollers  smaller  than  3  in.  diameter  are  practically  worthless.  To  economize  space,  seg- 
mental rollers,  as  shown  in  Fig.  33,  are  often  used  for  heavy  spans. 

It  is  usual  to  specify  that  a  movement  produced  by  a  variation  of  150  degrees  Fahr.  be  pro- 
vided for.  The  coefficient  of  expansion  of  steel  is  approximately  0.OOOOO67  per  degree  Fahr., 
which  makes  it  necessary  to  provide  for  approximately  one  inch  of  movement  for  each  80  ft.  of 
bridge  span. 

Where  both  bridge  seats  are  of  the  same  height,  the  fixed  end  is  carried  on  cast  iron  pedesOl 
blocks.  The  blocks  are  usually  made  with  recesses  (honey-combed)  to  reduce  the  weight.  The 
■hoes  and  other  details  of  the  American  Bridge  Company's  standard  highway  bridges  are  shown  in 
Rg.  33  and  Fig.  34.  □,,„„,,  ,,  CA)t)g[c 
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FEnCE  AKD  HUB  OUARSS.— The  simplest  form  □(  fence  is  that  shown  in  F^.  36.  The  poets 
'E  made  of  4  in.  X  4  in*  pieces  and  are  spaced  about  8  ft.  apart.  The  top  railii^  is  made  of  two 
eces  3  in.  X  4  in.,  while  the  Bide  piece  is  a  3  in.  X  8  in.    Similar  details  are  used  for  steel  joists. 


Fig.  33.    Sbgmsntal  Rolleks. 
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Fig.  33.    Shoes  fob  Riveted  Highway  Budge.     (American  Budge  Co.) 


(frnfis  ^  Beftom  Latgnt/s. 
'i-fkki  Ar  '^Laierah. 

Fic.  34.    Shoes  and  Floor  Details  for  Pin-Connbcted  Highway  Bridge. 
(American  Bridge  Co.) 

The  4  in.  X  6  In,  felloe  guard  should  be  firmly  bolted  to  the  floor.  Blocks  of  wood  I  or  a  inches 
thick,  called  "shims, "  are  sometimes  placed  between  the  felloe  guard  and  the  floor.  Shims  are 
of  questionable  utility,  and  should  not  be  used,    A  gas  pipe  fence  with  angle  rail  is  shown  in  Fig.  35. 
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A  gas  pipe  railing  with  gas  jxpe  posts  is  shown  in  F^.  37.  The  posts  should  be  spaced  not 
more  than  8  ft.  apart.  The  rail  in  Fig.  37  was  used  in  the  Pennsylvania  Ave.  Subway,  Phila- 
delphia, and  was  furnished  at  $0.93  per  lineal  foot.  An  ornamental  fence  with  pipe  top  rail  and 
cast  iron  newel  poets  is  shown  in  Fig.  38.  The  rail  in  Fig.  38  was  used  on  the  same  contract  as 
that  shown  in  Fig.  37,  and  was  furnished  at  (a.OO  per  lineal  foot.  Details  of  the  fence  and  light 
poles  for  the  20tb  St.  Viaduct,  and  the  fence  on  33rd  St.  Viaduct,  Denver,  Colo.,  designed  by 
Mr.  H.  S.  Cro9ker,  Consulting  Engineer,  are  shown  in  Fig.  39. 


Fro.  35. 


^  Cat  washer 
Fig.  36- 


MisceDaneoas  Data. — The  American  Bridge  Company's  standards  contain  the  following 

data:  For  low  spans  the  center  to  center  length  should  equal  the  clear  span  plus  1  ft.  6  in.;  while 
the  length  over  all  is  equal  to  the  center  to  center  length  plus  I  ft.  For  high  trusses  the  center 
to  center  length  should  equal  the  clear  span  pluB  3  ft.;  while  the  length  over  all  is  equal  to  the 
center  to  center  length  plus  i  ft.  6  in 


t- ^pt  2^  diam. 

\V  — r 
^4     li'dLA 


Fig.  37. 


tteuldinq-'' 

Fig.  38. 


Standard  lattice  rail  is  made  of  two  angles  o.\  in.  X  3  in.  X  A  ■"<  18  in.  back  to  back,  with 
double  lacing  made  of  l)  in.  X  -ft  ii>'i  o  i".  center  to  center.  Total  weight  of  this  rail  is  9}  lb. 
per  lineal  toot,  plus  35  lb.  for  each  end.  This  weight  does  not  include  the  posts.  Posts  for  gae 
inpe  rul  weigh  35  lb.  each  and  should  be  placed  at  each  panel  point  and  midway  point. 
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Fig.  39.     Steel  Fence  for  Highway  Bridges. 

Anchor  bolts  for  high  spans  may  be  estimated  at  30  lb.  per  span.  Anchor  bolts  for  low  truss 
spans  may  be  estimated  at  16  lb.  per  span.  Floor  bolts  through  wheel  guard  weigh  one  lb.  per 
lineal  foot  of  span. 

In  estimating  the  weight  of  sidewalk  brackets  run  the  floorbeam  out  a  distance  equal  to  thi' 
clear  width  of  the  sidewalk  and  add  100  lb.  for  the  weight  of  the  railing  post. 
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GENERAL  SPECIFICATIONS  FOR  STEEL  HIGHWAY  BRIDGES.' 

BY 

MILD  S.  KETCHUM, 

M.  Am.  Soc.  C.  E. 

Second  Edition, 

1914. 

PART  I.     DESIGN. 
General  Description. 

I.  CUsses. — Bridges  under  these  specifications  are  divided  into  eight  classes,  as  (ollows: 
Class  A. — For  city  traffic. 

Clara  B. — Far  suburban  or  interurban  traffic  with  heavy  electric  cars. 

Class  C. — For  country  roads  with  ordinary  traffic  and  l^ht  electric  cars. 

Class  Di. — -For  country  roads  with  heavy  traffic. 

Class  Di. — For  country  roads  with  light  traffic. 

Class  El. — For  heavy  electric  street  railways  ooly. 

Class  El. — For  medium  electric  street  railways  only. 

Class  El. — For  light  electric  street  railways  only. 

3.  Miterial.^All  parts  of  the  structure  shall  be  of  rolled  steel,  except  the  floorine,  floor 
joists  and  wheel  guards,  when  wooden  floors  are  used.  Cast  iron  or  cast  steel  may  be  used  in  the 
machinery  of  movable  bridges,  for  wheel  guards,  and  in  special  cases  for  bed  plates. 

3.  Types  of  Truss.^The  following  types  ol  bridges  are  recommended: 
Spans  up  to  30  ft. — Rolled  beams. 

Spans  from  ^o  to  80  ft. — Riveted  plate  girders,  or  riveted  tow  trusses  for  classes  A,  B,  Ej, 
Et  and  Ej;  and  nveted  low  trusses  for  classes  C,  D|  and  D%. 
Spans  80  to  160  ft. — Riveted  or  pin-connected  high  trusses. 

Spans  160  to  300  ft. — Pin-connected  trusses  of  the  Pratt  type  with  inclined  chords. 
Spans  over  300  ft  .^Pin-connected  trusses  of  the  Petit  type. 

4.  Length  of  Span. — In  calculating  the  stresses  the  length  of  span  shall  be  taken  as  the 
distance  between  centers  of  end  pins  for  pin-connected  trusses,  centers  of  end  bearing  plates  for 
rivet^  trusses  and  for  girders,  and  center  to  center  of  trusses  for  floorbeams. 

5.  Form  of  Trusses. — The  form  of  truss  shall  preferably  be  as  given  in  paragraph  3.  In 
through  trusses  the  end  vertical  suspenders  and  the  two  panels  of  the  lower  chord  at  each  end 
shall  be  made  rigid  members  if  the  wind  load  produces  a  reversal  of  stress  in  the  lower  chord.  In 
through  bridges  the  floorbeams  shall  be  riveted  above  or  below  the  lower  chord  pins. 

6.  Lateral  Bradng. — ^All  lateral  and  sway  bracing  shall  preferably,  and  all  portal  bracing 
must  be,  made  of  shapes  capable  ofresisting  compression  as  weM  as  tension,  and  shall  have  riveted 
connections.  Low  trusses  and  through  plate  girders  shall  be  stayed  by  knee  braces  or  gusset 
plates  at  each  Hoorbeam. 

7.  Spadng  of  Tniasea.— For  bridges  carrying  electric  cars  the  clear  width  from  the  center  of 
the  track  shalj  not  be  less  than  7  ft.  at  a  height  exceeding  one  foot  above  the  track  where  the 
tracks  are  straight,  and  an  equivalent  distance  when  the  tracks  are  curved.  The  distance  between 
centers  of  trusses  shall  in  no  case  be  less  than  one-twentieth  of  the  span  between  the  centers  of 
end-|HDs  or  shoes,  and  shall  preferably  not  be  less  than  one-twelfth  of  the  span. 

8.  Head  Rown.— For  classes  A,  B,  C,  Di,  Ei.  E.  and  Es  the  clear  head  room  for  a  width  of 
right  (8)  ft.  on  each  track,  or  eight  (8)  ft.  on  the  center  line  of  the  bridge  shall  not  be  less  than 
15  ft.,  and  for  class  Di  not  less  than  ii}  ft. 

9.  Footwalks. — Where  footwalks  are  required,  they  shall  generally  be  placed  out^de  of  the 
trusses  and  be  supported  on  longitudinal  beams  resting  on  overhanging  steel  brackets. 

10.  Haadiailing. — ^A  strong  and  suitable  handralling  shall  be  placed  at  each  side  of  the  bridge 
and  be  ruHdly  attached  to  the  superstructure. 

II.  Trestle  Towers. — Trestle  bents  shall  preferably  be  composed  of  two  supporting  columns, 
two  bents  forming  a  tower;  each  tower  thus  formed  shall  be  thoroughly  braced  in  both  directions 
and  have  struts  between  the  feet  of  the  columns.  The  feet  of  the  columns  must  be  secured  to 
an  anchorage  capable  of  resistii^  one  and  one-half  times  the  specified  wind  foices  (S69)- 

•  Reprinted  from  the  author's  "The  Design  of  Highway  Bridges." 
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Each  tower  shall  have  a  sufficient  base,  longitudinally  to  be  stable  when  standing  alone, 
without  other  support  than  its  anchorage.  Tower  spans  for  high  trestles  shall  not  be  less  than 
30  ft. 

13.  Proposals. — Contractors  in  submitting  prop<mals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures,  and  such  detail  drawings  as  will  clearly  show  the  diinen- 
sions  of  all  the  parts,  modes  of  construction  and  sectional  areas. 

13.  Drawings. — Upon  the  acceptance  and  the  execution  of  the  contract,  all  working  drawii^s 
requii«d  by  the  engineer  shall  be  furnished  free  of  cost  {$I6S). 

14.  Approval  S  Plana. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawii^  have  been  approved  by  the  engineer  in  writir^. 

FLOOR  SYSTEM. 

15.  Floorbeams. — All  floorbeams  shall  be  rolled  or  riveted  steel  rirders,  rigidly  connected 
to  the  trusses  at  the  panel  points,  or  may  be  placed  on  the  top  of  deck  bridges  at  panel  points. 
Floorbeams  shall  preferably  be  square  to  the  trusses  or  girders. 

16.  Joists  and  Stringers. — All  joists  and  stringers  of  bridges  of  classes  A,  B,  Ej,  E|  and  £> 
shall  be  of  steel.  Joists  for  classes  C,  Di  and  U,  may  be  either  of  wood  or  steel  as  specified. 
Steel  joists  shall  be  securely  fastened  to  the  cross  floorbeams,  and  steel  stringers  shall  preferably 
be  riveted  to  the  webs  cif  floorbeams  by  means  of  connection  angles  at  least  A  in,  thick. 

17.  End  Spacers  for  Stringers. — Where  end  floorbeams  cannot  be  used,  stringers  resting  on 
masonry  shall  have  cross-frames  near  their  ends.     These  frames  shall  be  riveted  to  girder  or  truss 
shoe  where  practicable- 
IB.  Wooden  Joists. — Wooden  floor  joists  shall  be  spaced  not  more  than  3)  ft,  centers,  and 

shall  lap  by  each  other  so  as  to  have  a  full  bearing  on  the  floorbeams,  and  shall  be  separated  J  in. 
for  free  circulation  of  air.  Their  width  shall  not  be  less  than  3  in.,  or  one-fourth  the  depth  in 
width.  When  spaced  not  more  than  2  ft.  centers,  one  joist  shall  be  considered  as  carrying  one- 
half  of  the  concentrated  live  load.  Oak,  longleaf  yellow  pine  and  Oregon  fir  are  to  be  designed 
for  a  safe  bend ine  of  1,300  lb.  per  sq.  in.,  bearingacross  the  hber  of  3501b.  persq.  in.,  and  shearing 
along  the  flber  01  lOo  lb.  per  sq.  in. 

[9.  Steel  Joists. — Steel  beams  when  used  as  joists  shall  have  a  depth  of  not  less  than  one- 
thirtieth  of  the  span,  and  one-twentieth  of  the  span  when  used  as  track  stringers.  Steel  joists 
shall  be  spaced  not  to  exceed  3  ft.  centers.  When  spaced  not  to  exceed  3  ft.  centers,  one  joist  shall 
be  considered  as  carry^ing  one-half  the  concentrated  load;  when  spared  more  than  2  ft.  and  not 
more  than  3  ft.  one  joist  shall  be  considered  as  carryii^  two-thirds  of  the  concentrated  load. 

30.  Floor  Plank. — -For  single  thickness  the  roadway  planks  shall  not  be  less  than  3)  in.  thick 
for  oak  or  3  in.  for  pine,  nor  less  than  one-twelfth  of  the  distance  between  centers  of  joists,  and 
shall  be  laid  transversely  with  i  in.  openings  and  securely  spiked  to  each  joist.  All  plank  shall  be 
laid  with  heart  side  down.  When  an  additional  weanng  surface  is  required  it  shall  be  i]  in- 
thick,  and  the  bwer  planks  of  a  minimum  thickness  of  z}  in.  shall  be  laid  diagonally  with  {  in. 
<q>eninge- 

31.  Footwalk  plank  shall  be  not  less  than  3  in.  thick  nor  more  than  6  in.  wide,  spaced  with 
)  in.  openings. 

All  plank  shall  be  laid  with  heart  side  down,  shall  have  full  and  even  bearing  on  and  be 
firmly  attached  to  the  joists. 

33.  Wheel  Onards. — Wheel  guards  of  a  cross-section  of  not  less  than  6  in.  by  4  in.  shall  be 

£rovided  on  each  side  of  the  roadway.  They  shall  be  spliced  with  half-and-half  joints  with  6  in. 
.p,  and  shall  be  bolted  to  the  stringers  or  joist  with  j  in.  bolts,  spaced  not  to  exceed  5  ft.  apart. 
23,  Solid  Floor. — For  bridges  of  classes  A  and  B  a  solid  floor,  consisting  of  wooden  blocks, 
brick,  stone,  asphalt,  etc.,  on  a  concrete  bed  is  recommended.  For  this  case  the  floor  shall  con^st 
of  buckle  plates  or  corrugated  sections  or  other  satisfactory  reinforcement,  and  a  waterproof 
concrete  (bitumen  or  cement)  bed  not  less  than  3  in.  thick  for  the  roadway  and  3  in.  thick  for  the 
footwalk,  over  the  highest  point  to  be  covered,  not  counting  rivet  or  bolt  heads.  The  floor  shall 
be  laid  with  a  slope  of  at  least  one  inch  in  10  ft. 

34.  Buckle  plates  shall  not  be  less  than  ft  in  thick  for  the  roadway  and  I  in.  thick  for  the 
footwalk.     The  crown  of  the  plates  shall  not  be  less  than  a  in. 

35.  For  solid  floor  the  curb  holding  the  paving  and  acting  as  a  wheel  guard  on  each  side  of 
the  roadway  shall  be  of  stone  or  steel  projecting  about  6  in.  above  the  finished  paving  at  the  gutter. 
The  curb  shall  be  so  arranged  that  it  can  be  removed  and  replaced  when  worn  or  injured.  There 
shall  also  be  a  metal  edging  strip  on  each  side  of  the  footwalk  to  protect  and  hold  the  paving 
in  place. 

36.  Drainage. — Provision  shall  be  made  for  drainage  clear  of  all  parts  of  the  metal  work. 

37.  Floor  of  Classes  E|,  E|,  and  Ei. — The  floors  of  classes  Ei,  Ei.  and  E|  shall  consist  of 
cross-ties  not  less  Chan  6  in,  by  6  in.  for  strii^ers  spaced  6i  ft.;  and  larger  for  greater  spacings, 
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they  shall  be  spaced  with  openingB  not  exceedinK  6  ia.,  shall  be  notched  down  1  in.,  and  secured 
to  the  BUpportine  stringers  by  J  in.  bolts  gpaceffnot  over  6  ft.  apart.  The  ties  shall  extend  the 
full  width  of  the  bridge  on  deck  bridges,  and  every  other  tic  shall  extend  the  full  width  in  through 
bridges  to  carry  the  footwalk.  Ties  shall  be  desisned  for  the  same  allowable  unit  stresses  as 
wooden  joists. 

There  shall  be  guard  timbers  not  less  than  6  in.  by  6  in.,  or  5  in.  by  7  in.,  on  each  side  of 
each  track,  with  th«r  inner  faces  not  less  than  9  in.  from  the  center  of  the  rail.  They  shall  be 
notched  I  in.  over  every  tie,  and  shall  be  spliced  over  a  tie  with  a  half-and-half  joint  with  6  in. 
lap.  Each  guard  timber  shall  be  fastened  to  every  third  tie  and  at  each  splice  with  a  J  in.  bolt. 
All  heads  or  nuts  on  the  upper  faces  of  ties  or  guards  shall  be  countersunk  below  the  surface  of 
the  wood. 

PART  II.    LOADS. 

38.  Dead  Load. — ^The  dead  load  will  consist  of  (i)  the  weight  o(  the  metal,  and  (a)  the  w^ght 
of  the  timber  in  the  floor,  or  of  the  material  other  than  ateel.  In  determining  the  dead  load  the 
weight  of  oak  or  other  hard  wood  shall  be  taken  at  4}  lb.  per  foot  board  measure,  and  the  weight 

of  pine  <x  other  soft  woods  at  3i  lb.  per  foot;  the  weight  of  asphalt  at  130  lb.,  of  c ' "" 

paving  brick  at  150  lb.,  and  of  granite  at  160  lb  per  ci     '' 

The  r  ■■     '  •'  

;h  not 

29.  Live  Load. — The  bridges  of  different  classes  shall  be  designed  to  carry,  in  addition  to 
their  own  weight  and  that  of  the  floor,  a  moving  load,  either  uniform  or  concentrated,  or  both,  as 
specified  below,  placed  so  as  to  give  the  greatest  stress  in  each  member. 

Oast  A.  For  City  TTaSic. — For  the  floor  and  its  supports,  on  any  part  of  the  roadway  or 
on  each  of  the  street  car  tracks,  a  concentrated  load  of  34  tons  on  two  axles  loft.  centers  and  5  ft. 
gage  (assumed  to  occupy  13  ft.  in  width  for  a  single  line  or  33  ft.  (or  a  double  line),  and  upon 
the  remaining  portion  of  the  &oot.  includii^  walks,  a  load  of  lOO  lb.  per  sq.  ft. 

Lioads  for  the  trusses  as  per  Table  I. 

Clots  B.  For  Suburban  or  Inienirbaii  Traffic. — For  the  floor  and  its  supports,  on  any  part 
of  the  roadway,  a  concentrated  load  of  13  tons  on  two  axles  10  ft.  centers  and  5  ft.  gage  (assumed 
to  occupy  a  width  of  13  ft.),  or  on  each  street  car  track  a  concentrated  load  of  24  tons  on  two 
axles  10  ft.  centers;  and  on  the  remainli^  portion  of  the  floor,  including  footwallis,  a  load  of  100 
lb.  per  so.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Ciasi  C.  For  Highway  and  Light  Interurban  Traffic. — For  the  floor  and  its  sujppoits,  on 
any  part  of  the  roadway,  a  concentrated  load  of  i3  tons  on  two  axles  10  ft.  centers  and  5  ft.  gage 
(assumed  to  occupy  a  width  of  12  ft.),  or  on  each  street  car  track  a  concentrated  load  <n  18  tons 
on  two  axles  10  ft.  centers;  and  upon  the  remaining  portion  of  the  floor,  including  footwalks,  a 
load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  L 

Class  Di.  Heavy  Counlry  Bridges. — For  the  floor  and  its  supports,  a  load  of  100  lb.  per 
sq.  ft.  of  total  floor  surface  or  a  3o-ton  traction  engine  with  axles  11  ft.  centers  and  7  ft.  gage, 
four-fifths  of  the  load  to  be  carried  on  the  rear  axles. 

Loads  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed  for  a  load  of  leas 
than  1,000  lb.  per  lineal  foot  of  bridge. 

Class  D,.  Ordinary  Country  Bridget. — For  the  floor  and  Its  supports,  a  load  of  80  lb.  per 
sq,  ft.  of  total  floor  surface  or  a  15-ton  traction  engine  with  axles  10  ft.  centers  and  6  ft.  gage, 
two-thirds  of  the  load  to  be  carried  on  the  rear  axles. 

Loads  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  dengned  for  a  load  of  less 
than  600  lb.  per  lineal  foot  of  bridge. 

Class  El.  For  Heavy  Electric  Railways  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The 
axles  are  loaded  with  a  load  of  40.000  lb.,  making  a  total  of  160,000  lb.  Or  a  uniform  load  of  6,000 
lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  4,500  lb.  per  lineal  foot  for  spans  of  200  ft. 
and  over,  and  proportionately  for  intermediate  spans. 

Class  £|.  For  Medium  Electric  Railimiys  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  S  ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  to  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The 
axles  are  loaded  with  a  load  of  35,000  lb.,  makmg  a  total  load  of  100,000  lb.  Or  a  uniform  load 
of  3,500  lb.  per  lineal  foot  for  at!  spans  up  to  go  ft.,  reduced  to  3,000  lb.  per  lineal  foot  for  spans 
ft.  and  over,  and  proportionately  for  intermediate  spans. 
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s  lo  ft.,  tbe  pairs  of  trucks  being  spaced  15  ft.  ( 


between  centers  of  interi      ....__       .._..,_        _ „  _^ „    _    .     . 

axles  are  loaded  with  a  toad  of  30,000  lb.,  making  a  total  load  of  3o,ooo  lb.  Or  a  uniform  load  of 
3,500  lb.  per  lineal  foot  for  all  spaas  up  to  50  it.,  reduced  to  1,500  lb.  per  lineal  foot  for  qiani  of 
300  ft.  and  over,  and  proportionately  for  intermediate  spans. 

TABLE  I. 
LivB  Loads  for  the  Tsussbs. 
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30.  Wind  Loads. — The  top  lateral  bracing  in  deck  bridges  and  the  bottom  lateral  bracing  in 
through  bridges,  shall  be  designed  to  resist  a  lateral  wind  load  of  300  lb.  for  each  foot  of  span; 
150  lb.  of  this  to  be  treated  as  a  moving  load. 

The  bottom  lateral  bracing  in  deck  bridges,  and  the  top  lateral  bracing  in  through  bridges, 
shall  be  designed  to  resist  a  lateral  wind  force  of  150  lb.  for  each  foot  of  span.  In  bridges  with 
sway  bracing  one-half  of  the  wind  load  may  be  assumed  to  pass  to  the  lower  chord  through  the 
sway  bracing.  For  spans  eicceeding  300  ft.,  add  in  each  of  the  above  cases  10  lb.  additional  (or 
each  additional  30  ft. 

31.  In  trestle  towers  the  bracing  and  columns  shall  be  designed  to  resist  the  following  lateral 
forces,  in  addition  to  the  stresses  due  to  dead  and  live  loads:  The  trusses  loaded  or  unloaded,  the 
lateral  pressures  specified  above;  and  a  lateral  pressure  of  too  lb.  for  each  vertical  lineal  foot  of 
trestle  hent. 

1  temperature  of  150  degrees  shall  be  pro- 


vided fc 


.  TemperBtiwe,— Stresses  due  ti 
c[for(S8l). 

33.  Centrifugal  Force  of  Train.— Structures  located  on  curves  shall  be  designed  for  the 
centrifugal  force  of  the  live  toad  acting  at  the  top  of  the  rail.  The  ceairifugal  force  sfaall  be  calcu- 
lated by  the  following  formula  1 

C  -  (0.043  -  aoo3Z>)W-Z> 


C  ••  centrifugal  force  in  lb. 
W  -  weight  of  train  in  lb. 
D  —  degree  of  a 
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34.  LoBgltndiiutl  Fmcm. — ^The  stresses  produced  in  the  bracti^  of  the  trestle  towers,  in  anv 
members  ol  the  trusses,  or  in  the  attachments  of  the  girders  or  trusses  to  their  bearii^,  by  sud- 
denly stopping  the  maximum  electric  car  trains  on  any  part  of  the  worlc  must  be  provided  for; 
the  coefficient  of  friction  of  the  wheels  on  the  rails  being  assumed  as  O.20. 

35.  All  ports  shall  be  so  des^ned  that  the  stresses  coming  upon  them  can  be  accurately 
calculated. 

PART  III.    UNIT  STRESSES  AND   PROPORTION  OF  PARTS. 

36.  Unit  Strossea. — All  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the 
maximuro  stresses  shall  not  exceed  the  following  amounts  in  lb.  per  sq.  in.,  except  as  modified 
by  hs  and  J48. 

uipKcL-^The  dynamic  increment  of  the  live  load  stress  shall  be  added  to  the  maamuro  live 
toad  stresses  and  shall  be  determined  by  the  formula 

I  -S-  100/(2,  +  300) 
where  I  —  impact  increment  to  be  added  to  the  live  load  strewcs; 
5  —  computed  live  load  stress; 

L  ^  loaded  length  of  bridge  in  feet  producing  the  maximum  stress  in  the  member. 
Impact  shall  not  be  added  to  the  stresses  produced  by  longitudinal,  centrifugal  and  lateral  or 
•ind  forces. 

37.  Toisioa. — Axial  tension  on  net  section t6,ooo 

38.  Coiii|«i«BBien. — Axial  compression  on  gross  section 16,000  —  70-l/r 

where  "/"  is  the  length  of  member  in  inches  and  "r"  is  the  least  radius  of  gyration  in  Inches. 

No  compression  memlier,  however,  shall  have  a  length  exceeding  100  times  its  least  radius  of 
gyration  for  main  members  or  120  times  for  laterals  for  classes  A,  B,  C,  Ei,  E,  and  Eit  or  125  times 
ill  least  radius  of  gyration  for  main  members  or  150  times  for  laterals  for  classes  Di  and  D|. 

39.  Bending. — -Bendingr  on  extreme  fibers  of  rolled  shapes,  built  sections  and  girders; 

net  section 16,000 

on  extreme  fibers  of  pins 24,000 

40.  Shearinr.^Shearing:  ^op  driven  rivets  and  pins > 12,000 

6eld  driven  rivets  and  turned  bolts 10,000 

place  girder  webs;  gross  section 10,000 

41.  Bauing. — Bearing:  shop  driven  rivets  and  pins .*> 24,000 

field  driven  rivets  and  turned  bolts 20,000 

granite  masonry  and  Portland  cement  concrete 600 

sandstone  and  limestone 400 

expansion  rollers;  per  linear  inch 6ood 

where  "d"  is  the  diameter  of  the  roller  in  inches. 


Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  fMt>portioned  for  the  stresses  giving  the  lar^st  section.  If  the  alternate  stresses  occur 
in  succesuon  during  the  pas^e  of  one  train,  as  in  stiff  counters,  each  stress  shall  be  increased  by 
JO  per  cut  of  the  smaller.     Tne  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 

43.  An^B  Fastened  by  Both  Lega.— Angles  subject  to  direct  tension  must  be  connected 
by  boUi  legs,  or  the  section  of  one  leg  only  wiirbe  considered  as  effective. 

44.  Net  5«Ctlon.^ln  members  subject  to  tensile  stresses  full  allowance  shall  be  made  for 
reduction  of  section  by  rivet-holes,  screw-threads,  etc.  In  calculating  net  area  the  rivet  holes 
shall  be  taken  as  having  a  diameter  J  in.  greater  than  the  normal  size  of  rivet. 

45.  Lcmg  Span  Bridges. — For  long  span  bridges,  where  the  ratio  of  the  length  to  width  of 
span  is  such  that  it  makes  the  top  chords  acting  as  a  whole,  a  longer  column  than  the  segments  of 
the  chords,  the  chord  shall  be  proportioned  for  the  greater  length. 

46.  Wind  Stresses.— The  stresses  in  truss  members  or  trestle  posts  from  assumed  wind  forces 
need  not  be  considered  except  as  follows: 

1.  When  the  direct  wind  stresses  p^r  square  inch  in  any  member  exceeds  25  per  cent  of  the 
stresses  due  to  dead  and  live  loads  in  the  same  member.  The  section  shall  then  be  increased 
until  the  total  unit  stress  shall  not  exceed  by  more  than  25  per  cent  the  maximum  allowable 
stress  for  dead  and  live  loa'ls. 

2.  When  the  wind  stress  atone  or  in  combination  trith  a  possible  temperature  stress  can 
neutralize  or  reverse  the  stresses  in  the  member. 

When  both  direct  and  Reiural  stresses  due  to  wind  are  considered  50  per  cent  may  be  added 
to  allowable  stresses  for  dead  and  live  loads,  provided  the  area  thus  obtained  is  not  l^-ss  than 
tequired  for  dead  anH  live  loads  alone,  or  for  dead,  live  and  direct  wind  loads  des'gn-d  as  in  {46. 

47.  ComUned  Stresses. — Members  subjected  to  direct  and  bending  stresses  shall  be  designed 
so  that  the  greatest  fiber  stress  shall  not  exceed  the  albwable  unit  stress  on  the  .(nppiljer.  , .. 
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48.  Str»M  I>tw  to  Wd^t  and  Eccmtilc  Loadlag. — If  the  fiber  atresa 
eccentric  loading  on  any  member  exceeds  to  per  cent  o(  the  allowable  unit  b\ 
such  excess  must  be  considered  in  proportioning  the  member.     See  146. 

49.  Counters.— Counters  in  bridges  carrying  electric  cars  shall  be  designed  bo  that  an  iiu 
of  the  live  load  of  zSper  cent  will  not  increase  the  stress  in  the  counters  more  than  25  per  cent. 

50.  Dflrign  of  PUte  Girders. — Plate  girders  shall  be  proportioned  either  by  the  moment  of 
inertia  of  their  net  section;  or  by  assuming  that  the  flanges  are  concentrated  at  their  centers  of 
gravity,  in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  used 
as  flange  section.  The  thickness  of  web  plates  sbail  be  not  less  than  1/160  of  the  unsupported 
distance  between  flange  angles.     See  S51. 

Conqirasaion  Flanges. — In  beams  and  plate  girders  the  compression  flanges  shall  have  the 
same  gross  section  as  the  tension  flanges.  Through  plate  girders  shall  have  their  top  flanges  stayed 
at  each  end  of  every  floorbeara,  or  in  case  of  solid  floors,  at  distances  not  exceeding  12  ft.,  by  knee 
braces  or  gusset  plates. 

51.  Web  Plates. — The  webs  of  dilate  girders  must  be  stiffened  at  intervals,  not  exceeding  the 
depth  of  the  girder  or  a  maximum  of  5  ft.,  wherever  the  shearing  stress  per  sq.  in.  exceeds  the 
stress  allowed  by  the  following  formula: 

Allowed  shearing  stress  -  12,500  —  90!?, 
wttere  H  —  ratio  of  depth  of  web  to  its  thickness;  but  no  web  platet  shall  be  less  than  A  >i>-  in 
thickness. 

52.  Stiffeners.— All  stiffeners  must  be  capable  of  carrying  the  maximum  vertical  shear 
without  exceeding  the  allowed  unit  stress. 

P  -  16,000  -  70t/r  j 

n  of  the  stiffeners  at  right  angles  to  the  web,  and  /  —  one-half  dept''^ 

__  „ i^ch  stiff ener  must  connect  to  the  webs  by  enough  rivets  to  transfei 

the  maximum  shear  to  or  from  the  webs. 

The  outstanding  legs  of  stiffeners  shall  not  be  less  than  one'thirtietb  of  the  depth  of  girder, 
plus  2  in. 

53.  FUnge  Rivets. — The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  sufficient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  effective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flange.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three  ties, 

54.  D^ith  Ratios. — Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the 
span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall  preferably  have  a  depth  of  not  lest 
than  one-twellth  of  the  span.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall  be 
increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios  had 
not  been  exceeded. 

55.  Rollod  Baams. — Rolled  beams  shall  be  designed  by  using  their  momenta  of  inertia. 

PART  IV.     DETAILS  OF  DESIGN.  I 

Genbkal  Requirbuents. 

56.  Opm  Sectiona. — Structures  ahall  be  so  deseed  that  all  parts  will  be  accessible  fol 
inspection,  cleaning  and  painting.  ' 

57.  Water  Pocketa.^Pockets  or  depresuons  which  would  bold  water  shall  have  drain  holeai 
or  be  filled  with  waterproof  material. 

58.  Symmetrical  SectlonB.— Main  members  shall  be  so  designed  that  the  neutral  axis  will  b« 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  memben 
of  trusses  shall  meet  at  a  common  point. 

59.  Coimters.— Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 

Ereferably  have  riveted  connections  to  the  chorda.     Adjustable  counters  shall  have  open  turm 
uckles. 

60.  Strength  of  Connections.— The  strength  of  connections  shall  be  sufficient  to  develop  thg 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  Idnd  of  atresc  to  which 
tfje  member  is  subjected  being  considered. 

61.  Hinimum  Thickness. — The  minimum  thickness  of  metal  shall  be  A  in.  in  classes  A,  B, 

tforfiller  '        '   ' 


C,  El,  Et  and  Ei,  except  for  fillers;  and  i  in.  in  claaaea  d  and  D»,  except  for  filierH.    The  it 

angle  shall  be  2  in.  X  2  in.  X  1  in.     The  minimum  rod  shall  have  an  area  of  at  least  (  sq.  in.,  io 

all  classes  except  Di  and  Dt.  which  shall  have  no  rods  less  than  ]  in.  in  diameter. 

62,  Pitch  of  Rivets. — The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  distance  ehall  preferably  be  not  less  than  3  in.  for  ]-in.  rivets, 
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i(  in.  for  (-in.  rivets,  and  3  in.  for  t-io-  rivets.  Tbe  maximum  pitch  in  the  tine  of  Btrcss  for 
membera  composed  of  plates  and  shapei  shall  be  i6  times  the  thicLness  of  the  thinnest  outude 
plate  or  6  in.  For  angles  with  two  gage  lines  and  rivets  staggered,  the  maximum  shall  be  twice 
the  above  in  each  line.  Where  two  or  more  plates  are  used  in  contact,  rivets  not  more  than  12  in. 
apart  in  either  direction  shall  be  used  to  hold  the  plates  well  together.     In  tension  members  ci 


posed  of  two  angles  in  contact,  a  pitch  of  13  in.  will  be  allowed  for  riveting  the  angles  together. 

63.  Edge  Kstance.—The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  i)  in.  for  1-in.  rivets,  1}  in.  for  J-in.  rivets,  and  i\  in.  for  )-in.  rivets-,  and  to  a  rolled 


^E^  it,  t)  and  I  in,,  respectively.     The  maximum  distance  from  any  edge  shall  be  eight  ti 
the  thickness  of  the  plate,  but  shall  not  exceed  6  in. 

64.  Mirimn"^  Diameter. — The  diameter  of  the  rivets  in  any  angle  carrying  calculated  stress 
shall  not  exceied  one-quarter  the  width  of  the  leg  in  which  they  are  driven.  In  minor  parts  }-in. 
rivets  may  be  used  in  3-in.  angles,  l-in.  rivets  in  aj-in.  angles,  and  |-in.  rivets  in  2-in.  angles. 

65.  Long  Rivet*. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
shall  be  increased  in  number  at  least  one  per  cent  for  each  additional  A-in.  of  grip. 

66.  Pit^  at  Ends. — The  pitch  of  rivets  at  the  ends  of  built  compression  members  shall  not 
exceed  four  diameters  of  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 
width  of  member- 

67.  Coo^Mslaii  Hombera. — In  compression  members  the  metal  shall  be  concentrated  as 
much  as  possible  in  webs  and  llanges.  The  thickness  of  each  web  shall  be  not  less  than  one- 
thirtieth  of  the  distance  between  its  connections  to  the  flanges.  Cover  plates  shall  have  a  thickness 
not  less  than  one-fortieth  of  the  distance  between  rivet  Unes. 

68.  Minimum  Aogtes. — Flanges  of  girders  and  built  members  without  cover  plates  shall 
have  a  minimum  thicltness  of  one-twelfth  of  the  width  of  the  outstanding  leg. 

69.  Batten  Plates. — The  open  sides  of  all  compression  members  shall  be  stayed  by  batten 
plates  at  the  ends  and  diagonal  lattice-work  at  intermediate  points.  The  batten  plates  must  be 
placed  as  near  tbe  ends  as  practicable,  and  shall  have  a  length  not  less  than  the  greatest  width  of 
the  member  or  ij  rimes  its  least  width- 

70.  Lattico  Bars. — The  latticing  of  compression  members  shall  be  proportioned  to  resist 
the  shearing  stresses  corresponding  to  the  allowance  for  flexure  for  uniform  load  provided  in  the 
::olumn  formula  in  paraeraph  38  by  the  term  70  l/r.  They  must  not  be  less  in  width  than  ll  in. 
For  members  6  in.  in  width,  i]  in.  for  members  9  in.  in  width,  2  in.  for  members  12  in.  in  width, 
^l  in.  for  members  15  in.  in  width,  nor  3  j  in.  for  members  18  in,  and  over  in  width.  Single  lattice 
bars  shall  have  a  thickness  not  less  than  one-fortieth,  or  double  lattice  bars  connected  by  a  rivet 
it  the  intersection,  not  less  than  one-sixtieth  of  the  distance  between  the  rivets  connecting  them 
a>  the  members.  They  shall  be  inclined  at  an  angle  not  less  than  60°  to  the  axis  of  the  member  for 
angle  latticing,  nor  less  than  45°  for  double  latticing  with  riveted  intersections. 

71.  Spacing  of  Lattice  Ban. — Lattice  bars  shall  be  so  spaced  that  the  portion  of  the  flange 
included  between  their  connection  shall  be  as  strong  as  the  member  as  a  whole.  The  pitch  of 
ihe  lattice  bars  must  not  exceed  the  width  of  the  channel  plus  nine  inches, 

72.  Rivets  in  Flanges.— Five-eighths-inch  rivets  shall  be  used  for  latticing  flanges  less  than 
ii  io.  wide;  ]-in.  for  flanges  from  2)  to  3^  in.  wide;  1-in.  rivets  shall  be  used  in  flanges  3I  in.  and 
iver,  and  lattice  bars  with  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 

73.  Faced  Joints. — Abutting  joints  in  compression  members,  when  faced  for  bearing,  shall 
je  spliced  on  four  sides  sufficiently  to  hold  the  connecting  members  accurately  in  place.  All  other 
oints  in  riveted  work,  whether  in  tension  or  compression,  shall  be  fully  spliced. 

74.  Pin  Plates. — Where  necessary,  pin-holes  shall  be  reinforced  by  plates,  some  of  which 
nuBt  be  of  the  full  width  of  the  member,  so  the  allowed  pressure  on  the  pins  shall  not  be  exceeded, 
ind  so  the  stresses  shall  be  properly  distributed  over  the  full  cross-section  of  the  members.  These 
einforcing  plates  must  contain  enough  rivets  to  transfer  their  proportion  of  the  beariiu  pressure, 
ind  at  least  one  plate  on  each  mde  shall  extend  not  less  than  6  in.  beyond  the  edge  of  the  nearest 

75.  Riveted  Tendon  Members.— Riveted  tension  members  shall  have  an  effective  secdon 
hrough  the  pin-holes  25  per  cent  in  excess  of  the  net  section  of  the  member,  and  back  of  the  pin 
It  least  75  per  cent  of  the  net  section  through  the  pin-hole. 

76.  Pias. — Kns  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts  connected  upon 
he  turned  body  of  the  pin.  The  diameter  of  the  pin  shall  not  be  less  than  i  al  Che  thickness  of 
my  eye-bar  attached  to  it.*  They  shall  be  secured  by  chambered  Lomas  nuts  or  be  provided 
idth  washers  if  solid  nuts  are  used.     The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 

77.  mUng  RinsB. — Members  packed  on  pins  shall  be  held  against  lateral  movement. 

78.  Bolts. — Where  members  are  connected  by  bolts,  the  turned  body  of  these  bolts  shall  be 
long  enough  to  extend  through  the  metal.    A  washer  at  least  i  in.  thick  shall  be  used  under  the 

*  The  allowable  bearing  stress  «  f  allowable  tensile  stress. 
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nut.    Bolts  shall  oot  be  used  in  place  of  rivets  except  by  speda]  pertnissioa.    Heads  and  nuts  sball 
be  hexagonal. 

79.  Indirect  Splices. — Where  splice  plates  are  not  in  direct  contact  with  the  parte  whidi 
they  connect,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
required  to  the  extent  of  one-third  of  the  number  for  each  intervening  plate. 

80.  Fillen. — Rivets,  carrying  stress  and  passing  through  lillera  shall  be  increased  50  per  cent 
in  number;  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  member. 

81.  Espaiuloil. — Provision  for  expansion  to  the  extent  of  1  in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.     Efficient  means  shall  be  provided  to  prevent  excessive  motion  at  any     . 
one  point  (S32). 

82.  Expansion  BethnES. — Spans  of  60  ft.  and  over  resting  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end;  and  those  of  less  length  shall  be  arranged  to  slide  on  smooth  surfaces. 

S3.  Fixed  Boarings. — Movable  bearings  shall  be  designed  to  permit  motion  in  one  direction 
only.     Fixed  bearings  shall  be  firmly  anchored  to  the  masonry  (£87). 

84.  Rollers. — Expansion  rollers  shall  be  not  less  than  3  in.  in  diameter  for  spans  of  100  feet 
and  less,  and  shall  be  increased  i  in.  for  each  100  ft.  additional.  They  shall  be  coupled  together 
with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be  readily  cleaned. 

85.  Boaters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing. 

86.  Pedestals  and  Bed  Plates. — Pedestals  shall  be  made  of  riveted  plates  and  angles.  All 
bearing  surfaces  of  the  base  plates  and  vertical  webs  must  be  planed.  The  vertical  webs  must  be 
secui^  to  the  base  by  angles  having  two  rows  of  rivets  in  the  vertical  lees.  No  baseplate  or  web 
connecting  angle  shall  be  less  in  thickness  than  i  in.  The  vertical  webs  shall  be  of  eumcient  height 
and  must  contain  material  and  rivets  enough  to  practically  distribute  the  loads  over  the  bearings 

Where  the  siie  of  the  pedestal  permits,  the  vertical  webs  must  be  rigidly  connected  traiu- 
versely. 

87.  All  the  bed-plates  and  bearings  under  fixed  and  movable  ends  must  be  fox-bolted  to  the 
masonry:  for  trusses,  these  bolts  must  not  be  lees  than  i  i  in.  diameter;  for  plate  and  other  gilders, 
not  leas  than  J  in.  diameter. 

88.  Wall  Plates. — Wall  plates  may  be  cast  or  built  up;  and  shall  be  so  designed  as  to  distrib- 
ute the  load  uniformly  over  the  entire  bearing.     They  shall  be  secured  against  displacement. 

89.  Anchorage.— Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  long  enough 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  times  the  uplift  (Sii). 

90.  Inclined  Bearings. — -Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masoaiy  and  expansion  surfaces  may  be  level. 

91.  Camber. — Truss  spans  shall  be  given  a  camber  by  making  the  panel  length  of  the  top 
chords,  or  their  horizontal  projections,  longer  than  the  correspondii^  panels  of  the  bottom  chord 
in  the  proportion  of  A  in.  in  10  ft. 

93.  Eye-bars.^Thc  eye-bars  composing  a  member  shall  be  so  arranged  that  adjacent  bars 
shall  not  have  their  surfaces  in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  tniss  as 
possible,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 

PART  V.     MATERIALS  AND  WORKMANSHIP. 
Material. 
93.  Process  of  Hannfacture. — Steel  shall  be  made  by  the  open-hearth  process  and  shall 
comply  with  the  standard  specifications  of  the  Am.  Ry.  Eng.  Assoc. 

(Sections  94  to  117  inclusive  cover  the  Am.  Ry.  Eng.  Assoc.  Specifications  for  steel,  see 
specifications  for  railroad  bridges.  Chapter  IV.) 

1 18.  Timber.^The  timber  shall  be  strictly  first-class  spruce,  white  mne,  Douglas  fir.  Southern 
yellow  pine,  or  white  oak  bridge  timber;  sawed  true  and  out  of  wind,  full  size,  free  from  wind 
shakes,  large  or  loose  knots,  decayed  or  sapwood,  wormholes  or  other  defects  impairing  its  stt^ngth 
or  durability. 

WORKtIAHSHIP. 

119.  General. — All  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.     The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modern  bridge 

120.  Straightenbig  Material. — Material  shall  be  thoroughly  straightened  in  the  shop,  by 
methods  that  will  not  injure  it.  before  being  laid  oif  or  worked  in  any  way. 

121.  Finish.— Shearing  shall  be  neatly  and  accurately,  done  and  all  portions  of  the  work 
exposed  to  view  neatly  finished. 

122.  Size  of  Rivets. — The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  size  of  the  cold  rivet  before  heating. 
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133.  Sivst  Hides. — When  general  reaming  is  not  required  the  diameter  of  the  punch  shall 
not  be  morethan  A  in.  greater  than  the  diameter  of  the  rivet;  nor  the  diameter  of  the  die  more  than 
I  in.  greater  than  the  diameter  bf  the  punch.  Materia.!  more  than  i  in.  thick  shall  be  sub-punched 
and  reamed  or  drilled  from  the  solid. 

134.  Punching. — All  punching  shall  be  accurately  done.  Drifting  to  enlarge  unfair  holes 
will  not  be  allowed.  If  the  holes  must  be  enlarged  to  admit  the  rivet,  they  Bhall  be  reamed. 
Poor  matching  of  holes  will  be  cause  for  rejection. 

135.  Sttb-panching  and  Reaming. — Where  reaming  is  required,  the  punch  used  shall  have  a 
diameter  not  less  than  -A  in.  smaller  than  the  nominal  ^meter  of  the  rivet.  Holes  shall  then  be 
reamed  to  a  diameter  not  more  than  -ff  in.  larger  than  the  nominal  diameter  of  the  rivet.  All 
reaming  shall  be  done  with  twist  drills.     ({140.) 

136.  Rouning  After  AaaombJing. — When  general  reaming  is  required  it  shall  be  done  after 
the  pieces  forming  one  built  member  are  assembled  and  firmly  bolted  together.  If  necessary  to 
take  the  pieces  apart  for  shipping  and  handling,  the  respective  pieces  reamed  tt^ether  sliall  be 
90  marked  that  they  may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
change of  reamed  parts  will  be  allowed. 

137.  Edge  Puning. — Sheared  edges  or  ends  shall,  when  required,  be  planed  at  least  {  in. 

138.  Bnirs. — The  outside  burrs  on  reamed  holes  shall  be  removed. 

119.  ASMmbllng. — Riveted  members  shall  have  alt  parts  well  pinned  up  and  Brmly  drawn 
together  with  bolts,  before  riveting  is  commenced.     Contact  surfaces  to  be  painted. 

130,  Lattice  Bars. — Lattice  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

131.  Web  Stifleners. — StiSeners  shall  fit  neatly  between  flanges  of  girders.  Where  tight 
hts  are  called  for,  the  ends  of  the  stifleners  shall  be  laced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  flange  angles. 

133,  Splice  Plates  and  imiers. — Web  splice  plates  and  fillers  under  stifleners  shall  be  cut  to 
fit  within  1  in.  of  flange  angles. 

133.  Web  Platea.— Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
the  backs  of  angles  or  project  above  the  same  not  more  than  i  in.,  unless  otherwise  called  for. 
When  web  plates  are  spliced,  not  more  than  j  in.  clearance  between  ends  of  plates  will  be  allowed. 

134.  Connection  An^ee. — Connection  angles  [or  floorbcams  and  stringers  shall  be  flush 
with  each  other  and  correct  as  to  position  and  length  of  girder.  In  case  milling  (of  all  such  angles) 
is  needed  or  is  required  after  riveting,  the  removal  of  more  than  ^  in.  from  their  thickness  will  be 

135.  Rivets. — Rivets  shall  be  driven  by  pressure  tools  wherever  poesible.  Pneumatic 
hammers  shall  be  used  in  preference  to  hand  driving. 

136.  Riveting. — Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and 
of  equal  uie.  They  shall  be  central  on  shank  and  grip  the  assembled  (ncces  firmly.  Recuppine 
and  calking  will  not  be  allowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
necessary,  they  shall  be  drilled  out. 

137.  Turned  Bolts. — Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  turned  to  a  driving  fit.  A  washer  not  less  than  1  in. 
thick  shall  be  used  under  nut. 

138.  Uembera  to  he  Strait. — The  several  pieces  forming  one  built  member  shall  lie  straight 
and  fit  closely  together,  and  finished  members  shall  be  free  from  twists,  bends  or  open  joints. 

139.  Kiusfa  of  Joints. — Abuttii^  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints,  depending  on  contact 
bearing,  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

140.  Field  ConnectlonB. — Holes  for  floorbeam  and  stringer  connections  shall  be  sub-punched 
'  ding  to  paragraph  125,  to  a  steel  templet  one  inch  thick.     (If  required,  all 

.  those  for  lat{     '         '  


other  field  connections,  except  those  for  laterals  and  sway  bracing,  shall  be  assembled  in  the  shop 
and  the  unfair  holes  reamed;  and  when  so  reamed,  the  pieces  shall  be  match-marked  before  being 
taken  apart.) 

141.  Bje-bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists,  folds 
in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  foiling. 
Welding  will  not  be  allowed.  The  form  of  heads  will  be  determined  by  the  dies  in  use  at  the 
works  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 
guarantee  the  bars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head  and 
neck  shall  not  vary  more  than  A  in.  from  that  specified. 

142.  Boilng  Eye-han. — Before  baring,  each  eye-bar  shall  be  properly  annealed  and  care- 
fully straightened.  Pin-holes  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars 
of  the  same  length  shall  be  bored  so  accurately  that,  when  placed  t<%ethcr.  pins  A  in.  smaller  in 
diameter  than  the  pin-holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time  without  forcing.  ,-.  , 
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143.  Pln-Htdw. — Pin-halea  shall  be  bored  true  to  KS-gea,  Smooth  and  Btra^t;  at  r^bt  alleles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  The  boring  shall 
be  done  after  the  member  is  riveted  up. 

144.  Varlatioii  in  Pia-Holes. — The  distance  center  to  center  of  pin-holes  shall  be  correct 
within  A  in.,  and  the  diameter  of  the  holes  not  more  than  ^  in.  lai^er  than  that  of  the  pin,  for 
pins  up  to  ^-in.  diameter,  and  fy  in.  for  lai^er  pins. 

145.  Puis  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

146.  Screw  Threads. — Screw  threads  shall  make  t^ht  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  1 1  in.,  when  they  shall  be  made  with  six  threads  per  inch. 

147.  Annealing. — Steel,  except  in  minor  details,  which  has  been  partially  heated,  diall  be 
properly  annealed. 

14B.  Steel  Castings. — All  steel  castings  shall  be  annealed. 

149.  Welds. — Welds  in  steel  will  not  Oe  allowed. 

150.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  top  and  bottom.  The  cut  of  the  plamag  tool  shall  correspond  with  the  direction 
of  expansion. 

151.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin,  in  such 
numbers  as  may  be  ordered. 

152.  Field  Rivets. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten 
rivets  in  excess  of  the  nominal  number  required  for  each  size. 

153.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 

154.  W«i|^t — The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  hpires. 

155.  Fini^ed  Wel^t — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  total  weight  of  the  strnctute  as  computed  from  the  plans  will  be 
allowed  for  excess  weight. 

SHOP  PAINTING. 


157.  Contact  Suifacea. — In  riveted  work,  the  surf  aces  coming  in  contact  shall  each  be  painted 
before  being  riveted  tc«ether. 

158.  Inaccesaihle  Surfaces. — Pieces  and  parts  which  are  not  accee»ble  for  painting  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords,  etc,  shall  have  a 
good  coat  of  paint  before  leaving  the  shop. 

159.  Condition  of  Surfaces. — Painting  shall  be  done  only  when  the  surface  of  the  metal  is 
perfectly  dry.     It  shall  not  be  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

160.  Hachlne-flniahed  Surfsces. — Machine-finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

INSPECTION  AND  TESTING  AT  THE  SHOP  AND   MILL. 

161.  Facilities  for  Shop  InspMtion. — The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  workmanship  at  the  shop  where  material  is  manufactured. 
He  shall  furnish  a  suitable  testing  machine  for  testing  full-sized  members,  if  required. 

163.  Starting  Work  in  Shop.— The  purchaser  st^ll  be  notified  well  in  advance  of  the  start 
of  the  work  in  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  and 
workmanship. 

163.  Copies  of  Mill  Orders. — The  pun;haser  shall  be  furnished  complete  coFues  of  mill  ordera, 
and  no  material  shall  be  rolled,  nor  work  done,  before  the  purchaser  has  been  notified  where  the 
orders  have  been  placed,  so  that  he  may  arrange  for  the  inspection. 

164.  Facilities  for  Milllnspection. — The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  a(  all  material  at  the  mill  where  it  is  manufactured.     He  shall    ' 
furnish  a  suitable  testing  machine  for  testing  the  specimens,  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

165.  Access  to  Mills. — When  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  mills  where  material  to  be  ia^>ected 
by  him  is  being  manufactured. 

166.  Access  to  Shop. — When  an  inspector  ts  furnished  by  the  purchaser,  he  shall  have  full    . 
access,  at  all  times,  to  all  parts  of  the  shop  where  material  under  his  inspection  is  being  manu' 
factured. 
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167.  i«c«ptiii(  Hatnial  of  Wodc — The  inspector  shall  stamp  each  piece  accepted  with  a 
private  mark.  Any  piece  not  w>  raarked  may  be  rejected  at  any  time,  and  at  any  stage  of  tbe 
work.  If  the  inspector,  through  an  overught  or  otherwise,  has  accepted  material  or  woric  which 
is  defective  or  cootrary  to  tbe  epecificatioos,  this  material,  no  matter  in  wliat  stage  of  completion, 
may  be  rejected  by  the  purchaser. 

168.  Shop  Plans. — The  purchaser  shall  be  furnished  complete  shop  plans  (S13). 

169.  Sb^ing  Invcdces. — Complete  copies  of  shipping  invoices  sluill  be  furnished  to  tbe 
puichaaer  wiu  each  shipment. 

FULL-SIZED  TESTS. 

170.  Tut  to  Ftore  Workouuiahlp. — Full-sized  tests  on  eye-bare  and  similar  members,  to 
prove  tbe  workmanship,  shall  be  made  at  the  manufacturer's  expense,  and  shall  be  paid  for  by 
tbe  purchaser  at  contract  price,  if  the  tests  are  satisfactory.  If  the  tests  are  not  satislactoiy,  th« 
membcia  repiesented  by  tnem  will  be  rejected. 

171.  ^a-bai  Tests.— In  eye-bar  tests,  the  fracture  shall  be  ulky,  the  elongation  in  10  ft., 
including  the  fracture,  shall  be  not  less  than  15  per  cent;  and  tbe  ultimate  strength  and  tnie 
elastic  limit  shall  be  recorded  ({141). 

ERECTION. 

173.  If  the  contractor  erects  tbe  bridge  he  shall,  unless  otherwise  specified,  fumisb  all  staging 
and  falsework,  erect  and  adjust  all  metal  work,  and  shall  frame  and  put  in  place  all  floor  timbers, 
guard  timbers,  trestle  timbers,  etc.,  complete  ready  for  traffic. 

173.  The  contractor  shall  put  in  place  all  stone  bolts  and  anchors  for  attaching  the  steel 
work  to  the  masonry.  He  shall  drill  all  the  necessary  holes  in  the  masonry,  and  set  all  bolts  with 
neat  Finland  cement. 

174.  The  erection  will  also  include  all  necessary  hauling  from  the  railroad  station,  the  un- 
loading of  the  materials  and  their  proper  care  until  the  erection  is  completed. 

175.  Whenever  new  structures  are  to  replace  existing  ones,  the  latter  are  to  be  carefully  taken 
down  and  removed  by  the  contractor  to  some  place  where  tbe  material  can  be  hauled  away. 

176.  The  contractor  shall  so  conduct  his  work  as  not  to  interfere  with  trafhc,  interfere  mth 
the  work  of  other  contractors,  or  close  any  thoroughfare  on  land  or  water. 

177.  The  contractor  shall  assume  all  risks  of  accidents  and  damages  to  persons  and  properties 
prior  to  the  acceptance  of  the  work. 

178.  The  contractor  must  remove  all  falsework,  pilii^  and  other  obstructions  or  unsightly 
material  produced  by  his  operations. 

PAINTING  AFTER  ERECTION. 

179.  After  tbe  bridge  is  erected  tbe  metal  work  shall  be  thoroughly  cleaned  of  mud,  grease 
or  other  material,  then  thoroughly  and  evenly  painted  with  two  coats  of  paint  of  the  kind  specified 
by  tbe  engineer,  mixed  with  hnseed  oil.  All  recesses  which  may  retain  water,  or  through  which 
watercaaenter,  must  be  filled  with  thick  paint  or  some  waterproof  cement  before  tbe  linal  painting. 
The  different  coats  of  paint  must  be  of  distinctly  different  shades  or  colors,  and  one  coat  must 
be  allowed  to  dry  thoroughly  before  the  second  coat  is  applied.  All  painting  shall  be  done  with 
round  brushes  01  the  best  quality  obtainable  an  the  market.  The  pamt  shall  be  delivered  on  the 
work  in  the  manufacturer's  original  packages  and  is  subject  to  inspection.  If  tests  made  by  the 
inspector  shows  that  the  paint  is  adulterated,  the  paint  will  be  rejected  and  the  contractor  shall 
pay  the  cost  of  the  analyses,  and  shall  scrape  off  and  thoroughly  clean  and  repaint  all  material 
that  has  been  painted  with  the  condemned  paint.  The  paint  shall  not  be  thinned  with  anything 
whatsoever;  in  cold  weather  the  paint  may  be  thinned  by  beating  under  the  direction  of  the 
inspector.  No  turpentine  nor  benzine  shall  be  allowed  on  tbe  work,  except  by  the  permission  of 
the  inspector,  and  in  such  ouantity  as  he  shall  allow.  The  inspector  shall  be  notified  when  any 
painting  is  to  be  done  by  tne  contractor,  and  no  painting  shall  be  done  until  the  inspector  has 
approved  the  surface  to  which  the  paint  is  to  be  applied.  Paint  shall  not  be  applied  out  of  doors 
in  frecring,  rainy,  or  misty  weather,  and  all  surfaces  to  which  paint  is  to  be  applied  shall  be  dry, 
clean  and  warm.  In  cool  weather  the  paint  may  be  thinned  by  heating,  and  this  may  be  required 
by  tbe  inspector, 

REFERENCES. — For  tbe  calculation  of  stresses  in  bridge  trusses  and  plate  girders,  for 
details  of  bridges,  for  the  design  of  bridge  details,  and  for  additional  examples  of  h^way 
bridges,  see  tbe  author's  "  Tbe  Design  of  Highway  Brieves." 
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CHAPTER  IV. 
Steel  Railway  Bridges. 

TYPES  OF  STEEL  BKIDOES. — The  same  types  of  trussea  are  used  for  railway  as  for  hi^- 
way  bridges,  Fig.  4.  Chapter  III.  Beam  bridges  are  used  for  short  spans,  and  plate  girders  up  to 
spans  of  about  135  ft.  Riveted  truss  spans  are  used  for  spans  of  100  ft.  and  upwards.  Pin-con- 
nected truss  spans  are  still  used  For  long  span  bridges  and  by  a  few  railroads  for  spans  of  150  ft. 
and  upwards.  Many  railroads  are  building  riveted  trusses  for  spans  of  more  than  300  ft.,  and 
riveted  truss  spans  of  300  ft.  are  not  uncommon.  The  new  terminal  bridge  over  the  Missouri 
River  at  Kansas  City,  Mo.,  has  riveted  trusses  with  a  span  of  425  ft.  6  j  in.  The  Norfolk  &  West- 
ern R.  R.  has  constructed  a  double  track  bridge  over  the  Ohio  River  with  a  span  of  530  ft.,  which 
is  riveted  with  the  exception  of  four  bottom  chord  panel  points,  which  have  pin  joints.  The 
lengths  and  types  of  railway  bridges  as  used  by  diiferent  railroads  arc  given  in  Table  XII  in  the 
latter  part  of  this  chapter.  The  longest  simple  truss  span  is  668  ft.  and  is  in  the  Municipal  Bridge 
over  the  Mississippi  River  at  St.  Louis,  Mo,  The  maximum  practical  length  of  simple  span  truss 
bridges  made  of  carbon  steel  is  about  550  feet;  while  with  nickel  steel  it  is  practical  to  build  simple 
truss  spans  up  to  750  feet  and  economical  to  build  simple  truss  spans  up  to  700  feet.  The  pro- 
posed Metropolis  Bridge  over  the  Ohio  River  will  be  a  double  track  simple  truss  bridge  with  a 
span  of  730  feet. 
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Fig.  i.    DiAGRAtiUATlc  Sketch  op  a  Railway  Tbuss  Bbidg^ 
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A  diagramatic  sketch  of  a  truss  railway  bridge  is  shown  m  F^.  I.  The  name*  of  the  different 
members  are  shown  on  the  diagcam.  The  floor  may  be  carried  on  two  or  more  stringers.  Two 
Btringera  are  commonly  used  for  an  open  timber  Boor  and  two  or  four  stringers  for  a  ballasted  floor. 

A  railway  steel  trestle  is  shown  in  Fig.  3.  Steel  trestles  are  commonly  built  with  the  inter- 
mediate spans  equal  to  twice  the  tower  spans;  60  feet  and  30  feet,  and  80  feet  and  40  feet  being 
common  lengths  of  span. 

Swing,  movable,  cantilever  and  suBpension  bridges  will  not  be  conmdered  in  this  chapter. 
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G.  4.    Wbight  of  Single  Track  Riveted 
Deck  Truss  Spans.    Chicago,  Mil- 
waukee &  St.  Paul  Ry. 


Fig.  3.    Weight  of  Single  Track   Deck 

Plate  Girder  Spans,  Concrete  Ballast 

Floor.    Chicago,  Milwaukee  8l  St. 

Paul  Ry. 

WBIGHTS  OP  RAILWAY  bRIDGES.— The  weights  of  railway  bridges  vary  with  the 
loading,  the  speciiicatians,  the  span,  the  width,  the  type  of  floor,  and  with  the  design.  The  weights 
of  the  total  structural  steel  in  single  track  bridges  of  different  types  as  designed  and  built  by  the 
Chicago,  Milwaukee  A  St.  Paul  Ry.  are  ^ven  in  Fig.  3  to  Fig.  10,  inclusive. 

Weights  of  single  track  plate  girder  spans  as  designed  and  built  by  the  Illinois  Central  Rail- 
road are  given  In  Fig.  II,  Fig.  12  and  Fig.  13;  weights  of  single  track  through  bridges  are  given  in 
Fig.  14,  we^hta  of  ugnal  bridges  are  given  in  Fig.  15,  and  weights  of  single  track  draw  spans  are 
^ven  in  Fig.  16.  Wdghts  and  other  data  for  railway  bridges  designed  by  the  Harriman  Lines, 
under  "Common  Standard  Specification  I006"  (approximately  equal  to  Cooper's  E  55),  are  given 
in  Table  I. 

Weights  of  nngle  track  steel  viaducts  as  designed  by  the  McClintie-MarBhall  Construction 
Co.  are  ^ven  in  Fig.  17. 
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152  STEEL  RAILWAY  BRIDGES.  Chap.  IV. 

For  the  relative  wdghts  of  railway  bridges  built  of  carbon  and  of  niclcel  steel,  see  paper 
entitled  "  Niclcel  Steel  for  Bridges,"  by  Mr.  J.  A.  L.  Waddell,  M.  Am.  Soc  C.  E.,  printed  in  Tmns. 
Am.  Soc  C.  E.,  VoL  63,  1909, 
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Fic.  5.    Weight  of  Single  Track  Through 

Plate  Gibder  Spans.    Type  C4  (Flanges 

OP  a  Angles  and  Cover  Plates,  Two 

Stkingers).     Cbicago,  Milwaukee 

a  St.  Paul  Rt. 
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Fig.  6.    Weight  of  Through  Plate  Girder 
Spans.     Tvpe  C3  (Flanges  of  2  Ancles 
AND  Cover  Plates,  Shallow  Floor, 
4  Stringers).     Chicago,  Mil- 
waukee &  St.  Paul  Rt. 


LOADS. — The  dead  load  of  a  railway  bridge  is  assumed  to  act  at  the  joints  the  saroe  as  in  a 
highway  bridge.  The  dead  joint  loads  are  commonly  assumed  to  act  on  the  loaded  chord,  but 
may  be  assumed  as  divided  between  the  panel  points  of  the  two  chords,  one-third  and  two-thirds 
of  the  dead  loads  usually  being  assumed  as  acting  at  the  panel  points  of  the  unloaded  and  the 
loaded  chords,  respectively,  sec  discussion  of  specifications  in  the  last  part  of  this  chapter. 

The  live  load  on  a  railway  bridge  consists  of  wheel  loads,  the  weights  and  spacing  of  the 
wheels  depending  upon  the  type  of  the  rolling  stock  used.  The  locomotives  and  cars  differ  so 
much  that  it  would  be  difficult  if  not  impossible  to  design  the  bridges  on  any  railway  system  for 
the  actual  conditions,  and  conventional  systems  of  loading,  which  approximate  the  actual  con- 
ditions, are  assumed.  The  conventional  systems  for  calculating  the  live  load  stresses  in  railway 
bridges  that  have  been  most  favorably  received  are:  (i)  Cooper's  Conventional  System  of  Wheel 
Concentrations;  (a)  the  use  of  an  Equivalent  Uniform  Load;  and  (3)  the  use  of  a  uniform  load 
and  one  or  two  wheel  concentrations.  In  addition  to  these  some  railroads  specify  special  engine 
loadings.     The  three  methods  will  be  briefly  described. 
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153 


Cooper's  ConTentioiul  Syatem  of  Wheel  Concenbmtians. — In  Cooper's  loadings  two  con- 
solidation locomotives  are  followed  by  a  uniformly  distributed  train  load.  The  typical  loading 
for  Cooper's  Class  E  40,  £  45,  E  50,  E  53  and  E  60,  are  shown  in  Fig.  18.  The  loads  on  the 
drivers  in  thousands  of  pounds  and  the  uniform  train  load  in  hundreds  of  pounds  are  the  same  as 
the  class  number.  The  wheel  spacings  are  the  same  for  all  classes.  The  stresses  for  Cooper's 
loadings  calculated  for  one  class  may  be  used  to  obtain  the  stresses  due  to  any  other  class  loading. 
For  example,  the  live  load  stresses  in  any  truss  due  to  Cooper's  Class  E  60  are  equal  to  {  of  the 
stresses  in  the  same  truss  due  to  Class  E  40  loading.  The  E  50,  E  55  and  E  60  loadings  are  those 
most  used  (or  steam  railways  in  the  United  States.  In  bridges  designed  for  Class  E  40  loading 
and  under  the  floor  system  must  in  addition  be  designed  (or  two  moving  loads  of  100,000  lb.  each, 
spaced  6  ft.  apart  on  each  track.    The  special  loads  for  Class  E  50  are  120,000  lb.  with  the  same 
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Fig.  7.     Weight   of    Single   Track    Deck 
Plate  Gikder  Spaks.    Open  Timber  Floor. 
TvpB  A4  (Flanges  of  6  Angles  with- 
OUT  Cover  Plates).     Chicago,  Mil- 
waukee Sl  St.  Paul  Ry. 
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Fig.  8.    Weight  of  Single  Track   Deck 

Plate  Girder  Spans.    Tiuber  Ballast 

Floor.    Type  A4  (Flanges  of  6  Angles 

WITHOUT  Cover  Plates).    Chicago, 

Milwaukee  &  St.  Paul  Ry. 


spacing.  The  American  Railway  Engineering  Association  has  adopted  Cooper's  loadings,  except 
that  the  special  loads  are  spaced  7  ft.  The  live  loads  used  by  several  prominent  railroads  are 
given  in  Table  XVI.  The  heaviest  locomotives  in  use  on  American  railroads  as  given  in  Bulletin 
No.  161,  November  1913,  of  the  Am.  Ry.  Eng.Assoc.,  by  Mr.  J.  E.  Greiner,  Consulting  Engineer, 
are  given  in  Table  II.  The  maximum  stresses  in  terms  of  the  maximum  stresses  for  E  50  loading 
for  spans  between  100  (t.  and  10  ft.  are  given  in  the  last  two  columns.  The  ratios  for  spans 
greater  than  100  ft.  are  less  than  for  those  given.  The  larger  ratio  is  for  short  spans  so  that  by 
increasing  the  special  concentrated  loads  a  bri<^  designed  for  an  E  50  loadii^  will  safely  carry 
the  heaviest  ei^nes  now  in  use. 
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Fig.  ,9.    Weioht  of  Single  Track  Through 

Riveted  Truss  Spaks.    Chicago, 

Milwaukee  &  St.  Paul  Rt. 
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Fig,  10.    WeightopSinglsTrackThkough 
PiH  Connected  Truss  Spans.    Chi- 
cago, Milwaukee  St.  St.  Paul  Rt. 
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TABLE  IL 
)  Relative  Stresses  Produced  for  Spans  of  10  ft.  i 
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Fig.  i8.    Cooper's  Conventional  Engine  Loadings. 
(Loads  fur  one  track.) 

Eqtdvalent  Uiiifonn  Load  Sjrstem. — The  equivalent  uniform  load  for  calculating  the  stresses 
in  trusses  and  the  bending  moments  in  beams,  b  the  uniform  load  that  will  produce  the  same 
bending  moment  at  the  quarter  points  of  the  truss  or  beam  as  the  maximum  bendir^  moment 
produced  by  the  wheel  concentrations.  The  equivalent  uniform  loadings  tor  different  spans  for 
Cooper's  E  40  loading  are  given  in  Fig.  ig.  The  equivalent  uniform  loading  for  E  60  loading 
will  be  1  the  values  for  E  40  in  Fig.  19.     In  calculating  the  stresses  in  the  truss  members  select 

"I  OSOOp 
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"  5pan  of  Bridge  in  Feet 

Fig.  19.    Equivalbht  Uniform  Live  Load  for  Cooper's  E40  Loading. 

(Loads  for  one  track.) 

the  equivalent  load  for  the  given  span,  and  calculate  the  chord  and  web  stresses  by  the  use  of 

equal  jcrint  loads,  as  for  highway  bridges.     In  designing  the  stringers  for  bending  moment  take  a 

loading  for  a  spas  equal  to  one  panel  length,  and  for  the  maximum  floorbeam  reaction  take  a 
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loading  for  a  span  equal  to  two  panel  lengths.  It  is  necessary  to  calculate  the  maximuni  end 
shears  and  the  shears  at  intermediate  points  by  wheel  concentrations,  or  to  use  equivalent  urn- 
form  loads  calculated  for  wheel  concentrations.  The  calculated  values  of  the  moment,  M, 
shear,  S,  and  floorbeam  reaction,  R,  for  Class  E6o  are  given  in  Table  III.  The  equivalent 
uniform  load  method  has  been  advocated  very  strongly  by  Mr.  J.  A.  L.  Waddell  who  has  de- 
scribed its  use  in  detail  in  his  "De  Pontibus."  Live  load  stresses  as  calculated  by  the  method 
of  equivalent  unifonn  loads  are  too  small  for  the  chords  and  webs  between  the  ends  of  the  trues 
and  the  quarter  points,  and  are  too  large  between  the  quarter  points.  The  stresses  obtained 
for  the  counters  are  too  large.  The  live  load  stresses  calculated  by  the  method  of  equivalent 
uniform  loads  are  sufficiently  accurate  for  all  practical  purposes.  Even  thoi^h  the  equivalent 
uniform  load  method  is  umple  to  apply  and  gives  results  which  are  sufficiently  accurate,  it  is  now 
seldom  used. 

Uniform  Load  and  One  or  Two  Excen  Loads. — ^A  uniform  load  is  used  and  to  provide  for 
the  wheel  concentrations  one  or  two  excess  loads  are  assumed  to  run  on  top  of  the  uniform  load. 
This  method  is  now  rarely  used.  In  a  paper  entitled  "Rolling  Loads  on  Bridges,"  published  in 
Bulletin  No,  l6l.  Am,  Ry.  Eng.  Assoc.,  November  1913,  Mr.  J.  E.  Greiner,  Consulting  Engineer, 
found  that  thirty-eight  of  the  thirty-nine  most  important  railroads  in  the  country  used  a  system 
of  wheel  concentrations,  and  one  road  used  a  uniform  load  with  a  single  excess  load;  the  method 
of  equivalent  uniform  loads  was  not  used. 

HAXmUM  STRESSES.— The  conditions  of  live  loading  for  maximum  stresses  in  beams 
and  trusses  are  as  follows. 

TTniform  lln  Load  oa  Beam  or  (Hrder. — For  bending  moment  the  span  should  be  fully 
loaded.  For  shear  the  longer  segment  of  the  span  should  be  loaded- 
Equal  Joint  Loada. — For  bending  moment  {chord  stresses)  the  bridge  should  be  fully  loaded. 
For  shear  (web  stresses  in  trusses  with  parallel  chords)  the  longer  segment  of  the  truss  should  be 
loaded  for  maximum  stress,  and  the  shorter  segment  of  the  truss  should  be  loaded  for  maximum 
counter  stress  (minimum  stress). 

Point  (rf  **■*'■»"■"  Bending  IComent  In  a  BeutL^The  maximum  bending  moment  in  a 
beam  loaded  with  moving  loads  will  come  under  a  heavy  load  when  this  load  is  as  far  from  one 
end  of  the  beam  as  the  center  of  gravity  of  all  the  moving  loads  then  on  the  beam  it  from  the  other 
end  of  the  beam. 

Wheel  Loads,  Biidge  witJi  Paiallel  Chords. — The  maximum  bending  moment  at  any  joint 
in  the  loaded  chord  will  occur  when  the  average  load  on  the  left  of  the  section  is  equal  to  the 
aver^^  load  on  the  entire  span. 

The  maximum  bending  moment  at  any  joint  in  the  unloaded  chord  of  a  symmetrical  Warren 
truss  will  occur  when  the  average  load  on  the  entire  span  is  equal  to  the  aveia^  load  on  the  left 
of  the  section,  one-half  of  the  load  on  the  panel  under  the  joint  being  considered  as  part  of  the 
load  on  the  left  of  the  section. 

The  maximum  shear  in  any  panel  of  a  truss  will  occur  when  the  average  load  on  the  panel  is 
equal  to  the  average  load  on  the  entire  bridge. 

Wheel  Loads,  Bridge  with  Inclined  Chorda. — The  criterion  for  maximum  bending  moment 
in  a  bridge  with  vertical  posts  is  the  same  as  for  bridges  with  parallel  chords. 

For  web  members  the  criterion  is  that  j 


PIL-Ptil  +  aim  (I) 

where  P  =  total  load  on  the  bridge; 

Pi  —  load  on  the  panel  in  question; 
£  ~  span  of  bridge; 
/  —  panel  length; 

a  —  distance  from  left  abutment  to  left  end  of  panel  in  question; 

«  —  distance  from  left  abutment  to  intersection  of  top  chord  section  of  the  panel  piDduced 
and  the  lower  chord.    (The  intersection  is  to  the  left  and  outvde  of  the  span.) 
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EIITDS  OF  STSBSS.— Bridge*  must  be  desUined  for  the  strenes  due  to  (i)  dead  load; 
(i)  live  or  moving  load;  (3)  wind  load;  (4)  snow  load;  (5)  impact  stresGes;  (6)  temperature  stresses; 
(7)  centrifugal  stresaes,  and  (8)  secondary  stresses  not  taken  into  account  in  the  calculations, 
la  addition  to  the  above  it  is  necessary  in  detenntning  the  allowable  stress  in  any  member  to  take 
into  account  imperfections  in  materials  and  workmanship,  possible  increase  in  live  loads,  fatigue 
of  metals,  the  frequency  of  the  application  of  the  stress,  corrosion  and  deterioration  of  materials, 
etc.  The  structure  should  be  so  designed  that  no  part  will  be  ever  stressed  beyond  the  elastic 
limit.  The  allowable  stresses  for  dead  load  are  usually  taken  at  about  60  to  70  per  cent  of  the 
elastic  limit;  for  an  elastic  limit  of  30,000  lb.,  the  allowable  working  stresses  for  dead  loads  alone 
would  then  vary  from  18,000  to  31,000  lb.  per  sq.  in. 

IMPACT  STRESSES. — As  a  load  moves  over  the  bridge  it  causes  shocks  and  vibrations 
whereby  the  actual  stresses  are  increased  over  those  due  to  the  static  load  alone.  It  is  shown 
in  mechanics  of  materials  that  a  load  suddenly  applied  to  a  bar  or  beam  will  produce  stresses 
twice  the  stresses  produced  by  the  same  load  gradually  applied.  A  bridge  is  a  complex  structure 
and  it  is  not  possible  to  determine  the  exact  effect  of  the  moving  loads.  It  has  been  found  by 
experiment  that  the  ultimate  strength  for  repeated  loads  ia  much  less  than  for  dead  loads.  In  a 
bridge  it  will  be  seen  that  the  dead  load  is  a  fixed  load  and  that  the  live  load  is  a  varyii^  load. 

For  gtressea  of  one  kind  Professor  Launhardt  has  proposed  the  following  formula; 

where  P  is  the  allowable  working  stress  required,  and  S  is  the  allowable  working  stress  for  live 
loads,  varying  from  zero  to  the  maximum  stress.  For  stresses  of  opposite  kinds  Professor  Wey- 
rauch  has  proposed  the  following  formula; 


'  -  s(i 


i  Max.  stress  /  ^' 

where  P  and  S  are  the  same  as  for  the  Launhardt  formula,  the  maximum  and  minimum  stresses 
being  taken  without  sign.  For  columns  and  struts  the  allowable  stresses  as  given  by  formulas 
(2)  and  (3)  are  to  be  reduced  by  a  suitable  column  formula. 

There  are  three  methcxis  in  common  use  for  taking  account  of  impact  and  fatigue:  (l)  Impact 
formulas;   {»)  Launhardt- Weyrauch  formulas,  and  (3)  Cooper's  Method. 

(l)  bnpact  FonnulM. — The  formula  in  moat  common  use  is  given  in  the  form 

1-S 


(ttt)  f^' 


where  /  —  impact  stress  to  be  added  to  the  static  live  load  stress,  S  =  the  static  live  load  stress, 
L  —  the  length  in  feet  of  the  portion  of  the  bridge  that  ia  loaded  to  produce  the  maximum  stress 
in  the  member,  and  a  and  b  are  constants  expressed  in  feet.  The  American  Railway  Engineering 
Assodadon  specifies  for  railway  bridges,  a  -  6  -  300  ft.  Mr.  J.  A.  L.  Waddell  apecifies  o  =  400 
ft.,  and  b  —  500  ft.  for  railway  bridges;  and  a  ^  100  ft.,  and  b  —  150  ft.  for  highway  bridges. 
For  the  names  of  several  roads  using  A.  R.  E.  A.  impact  formula,  see  Table  XVI. 

For  highway  bridges  the  American  Bridge  Company  specifies  that  the  maximum  live  load 
stress  shall  be  increased  25  per  cent  to  cover  impact  and  vibration. 

Mr.  C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  apecifies  that  for  electric  railway  bridges 

/-5-I5O/CZ.  +  3O0)  (5) 

tn  the  Osbom  Engineering  Company's  1901  specifications  for  railway  and  for  h^hway 
bridges  the  impact  is  calculated  by  the  formula 

I-S-SKS  +  D)  (6) 
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where  S  is  the  static  live  load  stress  and  D  is  the  dead  load  strea*.     This  method  is  used  by  the 
lUinoiB  Central  R.  R. 

(2)  lAtabiAt-'Wejnaeb  Fonnnlu. — Formuia  (a)  is  used  for  detennimag  the  allowable 
stress  for  strenes  of  one  kind  and  fonnuk  (3)  is  used  for  determining  the  allowable  stress  for 
stresses  of  different  kinds.  This  method  is  used  in  Thatcher's  Specifications,  in  Common  Standard 
Specifications  (Harriman  Lines),  and  specifications  of  Pennsylvania  Lines  West  of  Pittsburgh. 

(3)  Cooper's  Method. — Cooper  uses  formula  (2)  and  calculates  the  area  for  the  dead  load 
and  the  area  for  the  live  load  stress  separately.  For  dead  loads  from  formula  (z)  we  have  F  —  iS, 
while  for  live  loads  the  range  of  stress  is  from  zero  to  the  maximum,  and  P  —  5. 

For  a  reversal  of  stress  Cooper  designs  the  member  to  take  both  kinds  of  stress,  but  to  each 
stress  he  adds  eight-tentha  of  the  lesser  of  the  two  stresses. 

lUPACT  TESTS.— The  American  Railway  Engineering  Association  has  made  an  exhaustive 
series  of  tests  to  determine  the  effect  of  impact  on  railway  bridges.  The  following  summary  is 
taken  from  the  Proceedings  of  Am.  Ry.  Eng.  Assoc.,  Vol.  la,  Part  3. 

(i)  With  track  in  good  condition  the  chief  cause  of  impact  was  found  to  be  the  unbalanced 
drivers  of  the  locomotive.  Such  inequalities  of  track  as  existed  on  the  structures  tested  were  of 
little  Influence  on  impact  on  girder  Ranges  and  main  truss  members  of  spans  exceeding  60  to  75 
ft.  in  leiwtb. 

(3)  When  the  rate  of  rotation  of  the  locomotive  drivers  corresponds  to  the  rate  of  vibration 
of  the  loaded  structure,  cumulative  vibration  is  caused,  which  is  the  principal  factor  in  pn>- 
ducii^  impact  in  long  spans.  The  speed  of  the  train  which  produces  this  cumulative  vibration  Is 
called  the  "critical  speed."  A  speed  in  excess  of  the  critical  speed,  as  well  as  a  speed  below  the 
critical  speed,  will  cause  vibrations  of  less  amplitude  than  those  caused  at  or  near  the  critical  speed. 

(3}  The  longer  the  span  length  the  slower  is  the  critical  speed  and  therefore  the  maximum 
impact  on  long  spans  will  occur  at  slower  speeds  than  on  short  spans, 

(4)  For  short  spans,  such  that  the  critical  speed  is  not  reached  by  the  moving  train,  the    , 
impact  percentage  tends  to  be  constant  so  far  as  the  clfect  of  counterbalance  Is  concerned,  but 
the  effect  of  rough  track  and  wheels  becomes  of  greater  importance  for  such  spans. 


(5)  The  impact  as  determined  by  extensometer  measurements  on  flanges  and  chord  members 
01  trusses  is  somewhat  greater  than  the  percentages  determined  from  measurements  of  deflection, 
but  both  values  follow  the  same  general  law. 

(6)  The  maximum  impact  on  web  members  (excepting  hip  verticals)  occurs  under  the  same 
conditions  which  cause  maximum  impact  on  chord  members,  and  the  percent^es  of  impact  for 
the  two  classes  of  members  are  practically  the  same. 

(7)  The  impact  on  stringers  is  about  the  same  as  on  plate  girder  spans  of  the  same  lei^h 
and  the  impact  on  floorbeams  and  hip  verticals  is  about  the  same  as  on  plate  girders  of  a  span 
equal  -to  two  panels. 

(8)  The  maximum  impact  percentage  as  determined  by  these  tests  is  closely  given  by  the    | 
formula  . 

100 


I  -  - 


30,000  I 

in  which  I  *•  impact  percentage  and  I  —  span  length  in  feet. 

(9)  The  effect  of  differences  of  design  was  most  noticeable  with  respect  to  differences  in  the 
bridge  floors.  An  elastic  floor,  such  as  furnished  by  long  tics  supported  on  widely  spaced  stringers, 
or  a  Dallasted  floor,  gave  smoother  curves  than  were  obtained  with  more  rigid  floors.  The  results 
clearly  indicated  a  cushioning  effect  with  respect  to  impact  due  to  open  joints,  rough  wheels  and 
similar  causes.  This  cushioning  effect  was  noticed  on  stringers,  hip  verticals  and  short  span 
girders. 

(10)  The  effect  of  design  upon  impact  percentage  for  main  truss  members  was  not  sufficiently 
marked  to  enable  conclusions  to  be  drawn.  The  impact  percentage  here  considered  refers  to 
variations  in  the  axial  stresses  in  the  members,  and  does  not  relate  to  vibrations  of  members 
themselves.  I 

(11)  The  impact  due  to  the  rapid  application  of  a  load,  assuming  smooth  track  and  balanced 
loads,  is  found  to  be  from  both  theoretical  and  experimental  grounds,  of  no  practical  importance.     | 

(iz)  The  impact  caused  by  balanced  compound  and  electric  locomotives  was  very  small  and  , 
the  vibrations  caused  under  the  loads  were  not  cumulative. 

(13)  The  effect  of  rough  and  flat  wheels  was  distinctly  noticeable  on  floorbeams,  but  not  ' 
on  truss  members.  Large  impact  was,  however,  caused  in  several  cases  by  heavily  loaded  freight  1 
cars  moving  at  high  speeds. 
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MAXIMUM   MOMENTS,  SHEARS  AND  FLOORBEAM   REACTIONS. 


Cooper's  E6o  Loading  (A.  R.  E.  A.). 

Loading  Two  E  60  Engines  and  Train  Load  of  6,000  Pounds  per  Foot  or  Speml  Loading 
Two  75,000  Pound  Axle  Loads  7  Ft.  C.  to  C. 

Moments  in  Thousands  of  Foot-Pounds.  Slieara  and  Floorbeam  Reactions  in  Thousands  of 
Pounds. 

Results  for  One  Rail.    Results  from  Special  Loading  marked*.    A.  R.  E.  A.  Impact  Formula. 
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STEEL  RAILWAY  BRIDGES.  Chap.  IV 

TABLE  HI.— Coniuiucd. 
;  End  Sheabs,  S;  and  Floorbbau  Reactions,  R;  Per  Rail,  fob 
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CALCULATION  OF  STRESSES. — For  the  calculation  of  stresses  iii  railway  bridees,  see 
the  author's  "The  Design  of  Highway  Bridges;"  Johnson,  Bryan  &  Turneaure's  "Framed  Struc- 
tures," Part  I;  Marburg's  "Framed  Structures,"  Part  I;  Spofford's  "Theory  of  Structures"';  or 
other  standard  textbook. 

Homents,  End  Shears  ud  Floorbeam  Reactiona. — The  maximum  bending  moments  aod 
«nd  shears,  for  Cooper's  E  60,  and  A.  R.  £.  A.  special  loadings,  for  girders  up  to  115  ft.  span  are 
riven  In  Table  IIL  The  maximum  momenta  occur  at  a  point  near  the  center  of  the  girder. 
Maximum  floorbeam  reactions  are  given  for  stringers  up  to  40  ft.  span.  The  table  also  gives  . 
the  impact  stress  calculated  for  A.  R.  E.  A.  impact  formula  (4). 

The  maximum  moments,  end  shears,  quarter-point  shears,  center  shears,  and  maximum 
floorbeam  reactions  for  girders  up  to  ^5  ft.  span  are  pven  in  Table  IV. 

Moment  Diagram. — A  diagram  giving  the  position  of  the  wheels  in  Cooper's  E  loadings  that 
will  produce  maximum  moment  in  a  beam  or  at  a  panel  point  in  a  truss  is  ^ven  in  Tabic  Va. 
The  condition  for  maximum  shear  in  the  Rrst  panel  is  the  same  as  for  bending  moment  at  Lu. 
which  value  may  be  obtained  from  Table  Va.  Other  loadings  for  maximum  shear  must  be  cal- 
culated by  means  of  the  criterion  given  above. 

A  moment  diagram  for  Cooper's  E  60  loading  is  given  in  Table  Vb.  and  brief  instructions 
for  use  of  the  table  are  given  on  the  page  opposite  Table  Vb. 


for  Cooper's  E  50  loading,  are  given  ii. . ., . --, _.    .    .   . 

shears  for  E  60  loading  multiply  the  tabular  values  by  ?.  The  stresses  in  the  web  members  of  a 
Pratt  truss  are  equal  to  the  shears  X  sec  6,  where  9  is  the  angle  that  each  web  member  makes  with 
a  vertical  line.     The  tables  were  calculated  by  the  McCIintic- Marsh  all  Construction  Company. 

Homenta  in  Bridges. — Bending  Momenta  in  beams  and  girders  and  at  points  in  the  loaded 
chord  of  bridges,  are  given  in  Table  IX  and  Table  X.  The  bending  moments  for  an  E  60  loading 
will  be  equal  to  the  tabular  values  X  <f. 

Forexample,  the  bending  moment  for  an  E  so  loading,  at  joint  L,,  in  an  8  panel  truss  of  200-tt. 
span  from  Table  X,  is  6,787  thousand  ft.-lb.  For  an  E  60  loading  the  bending  moment  at  joint 
L,  is  6,787  X  6/s  -  8,145  thousand  ft.-lb.,  which  checks  the  value  calculated  from  Table  VTi 
on  the  page  opposite  Table  Vb.  The  tables  were  calculated  by  the  McClintic-Marshall  Con- 
struction Company. 

Elevated  Trestle  Span  ReacUons. — The  floorbeam  reactions  and  the  maximum  reactions  of 
the  intermediate  and  tower  spans  of  elevated  railway  trestles  may  be  calculated  from  Table  IX 
and  Table  X,  as  follows:  _  , 

Required  the  end  reactions  for  a  40  ft.  tower  span  and  an  80  ft.  intermediate  span.  Take  a 
span  equal  to  40  -f-  80  -  120  ft.,  and  calculate  the  bending  moment  at  a  point  40  ft.  from  the 
left  end.     In  Table  IX,  take  a  6-paael  bridge  with  20  ft.  panels,  the  bending  moment  at  i»  is 
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MAXIMUM  SHEARS,  MOMENTS  AND  FLOORBEAM   REACTIONS. 


ii  -  5,255  thousand  ft.-lb.    Then  the 


?  =  W  X  J^-^  -MX  3/80  -  5-255  X  3/80 
'5  "  I97-1  X  6/s  -  236.5  thousand  lb.,  which 


Maximum  End  Sheaks,  Quarteb-Point  Shears,  Center  Ssbars;   Maximum  Moments,  and 
Floorbeam  Reactions  fok  Gikders. 
Cooper's  E60  Loadins  (A.  R.  E.  A.). 
Moments  in  Thousands  of  Foot-Pounds.    Shears  and  Floorbeam  Reactions  in  Thousands  of 
Pounds. 

Results  for  One  Rail.     Results  from  Special  Loading  marked*. 
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SHEARS  AND  HOHBHTS  IN  A  PLATE  OIRDBR  BRIDGE.— The  manmum  obeare 
n  86  ft  span  deck  girder  railway  bridge  are  shown  in  Fig.  2o.  In  cakulating  the 
live  load  shears  the  girder  was  divided  into  sectioos  about  7  ft.  in  kngth  and  the  maxi- 
mum shears  were  calculated  as  in  a  truss  bridge.  The  maximum  bending  momenta  were  also 
calculated  (or  the  same  points  in  the  girder.  The  make-up  of  the  tensioa  flange  and  the  rivet 
spacing  is  shown  in  Fig.  30. 

The  stress  diagram  for  a  60  ft.  span  single  track  deck  plate  girder  bridge  is  shomi  in  Fig.  31. 
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J  Moments  in  a  Railway  Plate  Girder. 


MATERIAL. — Open-hearth  carbon  steel  complying  with  the  specifications  o(  the  Am.  Ry. 
Eng.  Assoc  as  given  in  the  last  part  of  this  chapter  is  commonly  used  for  bridges  up  to  spans 
of  500  to  550  feet.  For  spans  of  more  than  500  or  550  feet  to  about  650  feet  carbon  and  nickel 
steel  are  used,  or  nickel  steel  alone  is  used.  For  spans  of  650  to  750  feet  nickel  steel  alone  should 
be  used.  For  an  exhaustive  discussion  of  the  use  of  nickel  steel  in  the  construction  of  bridges  see 
artie!eentitled"NickcLSteelforBridges"byMr.  J.  A.L.  Waddell,  M.  Am.  Soc.  C.  E.,  inTrans. 
Am.  Soc  C.  £.,  Vol.  63,  1909.  An  eiicellent  discussion  of  the  des^n  of  large  bridges  is  given  in 
"Design  of  I^arge  Bridges  with  Special  Reference  to  the  Quebec  Bridge"  by  Ralph  Modjeski, 
Consulting  Ei^neer,  in  Journal  Franklin  Institute,  September,  1913. 

AIXOWABLE  STBESSES.— The  allowable  stresses  on  carbon  steel  as  adopted  by  the  Am. 
Ry.  E;%.  Assoc  are  given  in  the  specifications  in  the  last  part  of  this  chapter.  Out  of  39  railroads 
in  the  United  States  34  were  usii^  the  Am.  Ry.  Ei^.  Assoc,  spccificatione  for  allowable  unit 
Etresaes  in  1913.     For  additional  data  on  unit  stresses,  see  Table  XVI. 
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BCONOUIC  DESIGN  OP  RAILWAY  BRIDGES.— Pin-connected  truss  bridgea  have 
been  used  for  railroads  on  account  of  the  ease  of  erection,  ease  in  calculating  the  stresses,  and  the 
simplicity  of  details  which  give  small  secondary  stresses.  The  present  practice  in  railway  bridge 
design  is  to  use  plate  girders  for  spans  up  to  about  115  ft.,  and  riveted  truss  bridges  for  longer 
spans;  pin-connected  bridges  being  used  only  for  very  long  spans  and  for  spans  of  200  ft.  and  over 
where  there  is  some  special  reason  such  as  ease  of  erection  or  low  cost.  The  author  would  recom- 
mend pin-connected  truss  bridges  tor  all  spans  of  200  ft.  and  over  for  the  following  reasons:— 
(1)  the  weight  0/ a  pin^onnectcd  truss  bridge  with  eye -bars  is  less  than  the  weight  of  a  riveted  truss 
bridge  of  the  same  span  and  capacity,  and  while  the  shop  cost  per  pound  of  pin-connected  truss 
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bridges  u  slightly  higher  than  for  riveted  truse  bridges,  the  total  cost  erected  of  the  stnictural 
sleel  in  the  pin-connected  bridge  is  less  than  the  steel  in  the  riveted  bridge.  (3)  The  pin-con- 
nected truss  bridge  can  be  erected  in  less  time  at  a  very  much  less  cost  than  the  riveted  truss  bridge. 
{3}  The  secondary  stresses  in  the  pin-connected  truss  bridge  are  smaller  than  in  the  riveted  truss 
bridge  and  the  structure  is  more  efficient.  (4)  With  the  present  ballasted  floors  the  vibration 
and  impact  stresses  are  no  greater  in  a  pin-connected  truss  bridge  than  in  a  riveted  truss  bridge. 
Riveted  tensba  members  are  difl^cult  to  design  and  are  expensive  of  material  and  labor.  Eye- 
bars  are  ideal  tension  members  in  which  the  material  is  used  efficiently.  For  the  above  reasons 
the  author  predicts  that  the  pin-connected  bridge  for  spans  of  300  ft.  and  over  will  regain  its 
place  as  a  standard  type  of  railroad  bridge. 

The  Pratt  truss  with  parallel  chords  is  used  for  pin-connected  spans  up  to  about  350  ft., 
while  riveted  truss  spans  are  made  with  Pratt  or  Warren  trusses;  double  and  triple  intersection 
trusaea  are  also  used  for  riveted  trusses.  For  long  spaa  bridges  the  subdivided  Pratt  truss  with 
inclined  chords  (Petit  truss)  is  generally  used.  The  width  center  to  center  of  trusses  should  not 
be  lesa  than  one-twentieth  of  the  span,  and  preferably  not  less  than  one-eighteenth.  The  height 
an  the  center  should  be  from  one-ftfth  to  one-seventh  of  the  span;  the  Municipal  Bridge  at  St. 
Louis  has  a  center  height  of  one-sixth  of  the  span.  The  height  at  the  ends  should  br  only  sufficient 
for  an  effective  portal.  The  most  economical  inclination  of  diagonals  is  very  nearly  40  degrees, 
90  that  in  a  Petit  truss  the  panel  length  should  be  about  0.43  times  the  height.  For  the  most 
economical  web  system  the  panels  should  vary  in  length  as  the  depth  varies,  but  this  increases 
the  weight  of  the  Soor  and  also  increases  the  shop  cost  and  cost  of  erection,  so  that  constant  panel 
lengths  are  commonly  used.  One  railroad  specification  requires  that  panel  lengths  shall  not 
exceed  35  feet.  For  truss  bridges  of  the  Pratt  type  with  two  stringers  and  an  open  timber  floor 
the  present  practice  ia  to  use  a  panel  lei^h  of  23}  to  37 j  ft.,  with  35  ft.  as  an  average.  Increasing 
the  length  of  the  panels  increases  the  weight  of  the  floor  system,  and  decreases  the  weight  of  the 
trusses.  The  economical  panel  lengths  for  bridges  with  ballasted  floor  is  less  than  for  bridges  with 
open  timber  floor.  Riveted  truss  bridges  with  triple-intersection  web  members.  Fig:  41,  are 
made  with  very  short  panels. 

With  the  increase  in  the  size  of  the  sections  in  a  bridge  great  care  must  be  taken  in  detailing 
to  use  details  that  will  develop  the  full  strength  of  the  members.  Increased  details  increase  the 
shop  cost  and  for  this  reason  there  is  a  tendency  for  bridge  companies  to  cut  down  details  and  to 
change  details  so  as  to  simplify  shop  work  even  at  the  expense  of  added  weight  in  order  to  obtain 
a  low  pound  price.  For  this  reason  detail  drawings,  not  necessarily  shop  drawings,  should  always 
be  made  by  the  designing  engineer.  The  author  has  in  mind  a  case  where  to  change  the  details 
of  a  plate  girder  so  that  multiple  punches  might  be  used  required  the  addition  of  details  equal  to 
S  per  cent  of  the  weight  of  the  span  and  the  addition  of  25  per  cent  to  the  number  of  field  rivets, 
with  no  increase  in  efficiency.     It  is  needless  to  say  the  change  was  not  made. 

An  empirical  rule  for  calculating  the  economical  depth  of  plate  girder  spans  is  to  mak«  the 
area  of  the  flanges  equal  to  the  area  of  the  webs.  The  actual  depths  of  plate  girders  are  commonly 
slightly  less  than  the  depth  given  by  the  above  rule.  The  minimum  thickness  of  |  inch  for  plate 
prder  webs  should  be  used  only  for  stringers  with  short  spans,  and  the  thickness  of  the  web 
should  be  increased  as  the  span  and  depth  of  the  girder  increases.  For  the  depths  and  spacing  of 
plate  prders  designed  undf^r  Common  Standard  Specifications  1006,  see  Table  L 

DETAILS  OP  RAILWAY  BRIDGGS.^It  is  very  important  that  the  details  of  railway 
bridges  be  worked  out  with  great  care.     A  few  standard  details  will  be  briefly  described. 

Sectioiu  for  Chords  and  Posts. — Chord  sections  are  shown  in  (a)  to  (i)  in  Fig.  22.  Sections 
(a)  and  (b)  are  used  toe  light  chords  and  (c),  (d)  and  (e)  for  heavy  chords.  Sections  (a)  and  (d)  are 
also  made  by  turning  the  angles  in,  as  in  section  (i).  Sections  (f)  to  (i)  are  used  for  chord  sections, 
for  intermediate  posts  and  for  columns.  Sections  (n)  and  (p)  to  (t)  are  used  for  column  sections. 
Chord  sections,  posts  and  columns  with  diaphragms  or  webs  at  right  angles  to  each  other  as  in 
(a)  to  (e),  (n),  and  (p)  to  (t)  give  much  better  results  under  actual  service  than  laced  sections  as 
in  (f)  to  (i)  and  (o).    Sections  (j)  to  (m)  and  (o)  are  used  for  struts  and  braces.. 
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Floors. — Bridgea  may  have  open  timber  floors  as  in  Fig.  33,  or  ballasted  floors  as  in  Fig.  34, 
or  in  Fig.  35.  For  track  elevation  and  for  bridges  crossing  over  streets,  buildings,  and  dmilar 
locations  and  for  ballasted  floors,  the  bridge  floor  is  waterproofed  and  the  water  falling  on  the 
floor  is  carried  to  the  ground  through  properly  arrai^ed  drains. 
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Fig.  as.    Types  of  Columns  and  Top  Ch( 


Details  of  the  standard  timber  floors  used  by  the  Southern  Pacific  R.  R.,  the  Union  Pacific 
R.  R,  and  other  Harriman  Lines  are  given  in  Fig.  33.  For  additional  details  of  open  timber  floors 
see  Fig.  i  and  Fig.  2>  Chapter  VIL     The  American  Railway  Engineeri:^  Association  in  191^ 
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recommended  that  guard  timbers  be  lued  on  all  open-floor  bridges,  also  that  guard  rails  be  used  j 
on  all  bridges,  and  that  the  guard  rails  should  extend  at  least  50  ft.  beyond  the  end  of  the  bridge 
For  additional  details  see  Chapter  VII,  "Timber  Bridges  and  Trestles." 

Details  of  a  ballasted  floor  with  a  reinforced  concrete  slab  deck,  and  a  ballasted  floor  with  a 
timber  deck,  as  designed  and  used  by  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  are  given  in 
Fig.  24.  The  reinforced  concrete  slabs  are  made  either  at  the  bridge  site  or  at  some  other  con- 
venient location  and  are  hoisted  into  place  after  the  concrete  has  gained  suScteut  strength. 

'  The  Chicago,  Burlington  &  Quincy  R.  R.  uses  reinforced  concrete  slabs  for  a  ballasted  deck 
on  deck  girders  that  differ  from  the  Chicago,  Milwaukee  &  St-  Paul  slabs  in  Fig.  34,  in  the  followii^ 
details.  The  reinforced  concrete  slabs  are  14  ft.  lo;^  in  place  of  13  ft.;  and  are  5  ft.  wide  in  place 
of  3  ft.  7  in.  The  top  of  the  slabs  and  the  edges  of  the  slabs  are  painted  with  tar  paint  (made  of 
16  parts  coal  tar,  4  parts  Portland  cement,  and  3  parts  kerosene).  The  edges  of  the  reinforced 
concrete  slabs  are  beveled  and  after  the  slabs  are  laid  the  joint  between  the  slabs  is  packed  with 
oakum  for  a  depth  of  1  in.  at  the  bottom  and  the  remainder  of  the  joint  is  filled  with  i  to  3  Portland  | 
cement  mortar.  Where  the  reinforced  concrete  deck  is  placed  on  a  deck  girder  with  cover  plates,  j 
a  strip  of  No.  22  gage  lead  3  in.  wider  than  the  cover  plate  is  placed  on  top  of  the  cover  plate  and 
forced  down  over  the  rivet  heads.  After  the  slabs  have  been  put  in  place  and  blocked  up  to  the 
proper  elevation  the  space  between  the  lead  sheet  and  the  slab  is  filled  with  I  to  3  Portland  cement 
mortar.  The  minimum  thickness  of  the  mortar  joint  is  one  inch.  Cinders  or  slag  are  not  used 
for  ballast  on  reinforced  concrete  slab  decks. 

A  standard  reinforced  concrete  floor  for  a  through  plate  girder  bridge  as  designed  by  the 
Chicago,  Burlington  &  Quincy  R.  R.  is  shown  in  Fig,  25.  The  concrete  is  1:3:4  Portland 
cement  concrete.  The  upper  surface  of  the  concrete  slab  is  painted  with  coal  tar  paint,  the  same 
as  the  deck  slabs.     Zinc  sheets,  No.  22  gage  and  8  in.  wide  are  placed  on  the  tops  of  the  floorbeams. 

A  steel  plate  ballasted  floor  on  a  through  riveted  truss  bridge  is  shown  in  Fig.  41. 

WAIXRPROOFING  BRIDGE  FLOORS.— The  problem  of  waterproofing  bridge  floors  is  a 
difBcult  one  and  has  been  worked  out  in  great  detail  by  the  engineers  of  many  railroads,  and  by 
the  American  Railway  Engineering  Association.  For  a  very  full  discussion  of  the  problem,  see 
the  proceedings  of  the  American  Railway  Engineering  Association,  especially  Volume  14,  1913, 
and  Volume  15,  1914.  The  following  extracts  from  the  report  of  a  committee  of  the  American 
Railway  Ei^neering  Association  presented  at  the  annual  meeting  of  the  society  in  March,  1914. 
are  of  value. 

The  methods  of  waterproofing  are  stated  as  follows; — 

"The  ordinary  methods  of  waterproofing  are. 

"(i)  Coatings:  (a)  Linseed  oil  paints  and  varnishes,  (b)  Bituminous;  asphalt  and  coal  tar. 
(c)  Liquid  hydrocarbons,     (d)  Miscellaneous  compounds,     (e)  Cement  mortar.  1 

"  (2)  Membranes:  Felts  and  burlaps  in  combination  with  various  cementing  compounds.  | 

"(3)  Inlegrals:  (a)   Inert  fillers,     (b)  Active  fillers. 

"{4)   Watertight  concrete  construction." 

The  conclusions  reached  in  the  report  are  as  follows: — 

"(i)  Watertight  concrete  may  be  obtained  by  proper  design,  reinforcing  the  concrete  against 
cracks  due  to  expansion  and  contraction,  using  the  proper  proportions  of  cement  and  graded  aggre- 
gates to  secure  the  filling  of  the  voids  and  employing  proper  workmanship  and  close  supervision. 

"  (2)  Membrane  waterproofing,  of  cither  asphalt  or  pure  coal  tar  pitch  in  connection  with  felts 
and  burlaps,  with  proper  number  of  layers,  good  materials  and  workmanship  and  good  working 
conditions,  is  recommended  as  good  practice  for  waterproofing  masonry,  concrete  and  bridge  floors. 

"  (3)  Permanent  drainage  of  bridge  floors  is  essential  to  secure  good  results  in  waterproofing. 

"(4)  Integral  methods  of  waterproofing  concrete  have  given  good  results.  Special  care  is 
required  to  properly  proportion  the  concrete,  mix  thoroughly  and  depssit  properly  so  as  to  have 
the  void-filling  compounds  do  the  required  duty;  if  this  is  neglected  the  value  of  the  compound  is 
lost  and  its  waterproofing  effect  is  destroyed.  Careful  tests  should  be  made  to  ascertain  the 
proper  proportions  and  effectiveness  of  such  compounds.  Integral  compounds  should  be  used 
with  caution,  ascertaining  their  chemical  action  on  the  concrete  as  well  as  their  effect  on  its 
strength;  as  a  general  ruie,  integral  compounds  are  not  to  be  recommended,  since  the  same  results 
ail  to  watertightness  can  be  obtained  by  adding  a  small  percentage  of  cement  and  properly  grading 
the  aggregate. 
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Fig.  24.    Standard  Baixasted  Floors.    Chicago.  Milwaukee  &  St.  Paul  Ry. 
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(5)  Surface  coatings,  auch  as  cement  mortar,  aiphalt  or  bituminous  mastic,  if  property 
applied  to  masonn'  reinforced  against  cracks  produced  by  aettlement,  expansion  and  contraction, 
may  be  successfully  used  for  waterproofing  arches,  abutments,  retaining  walls,  reservoirs  and 
similar  structures;  for  important  work  under  high  pressure  oj  vxtttr  these  cannot  be  recommended 
for  ail  conditions. 
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Fig.  25.     Reinforced  Concrete  Floor  for  Through  Plate  Girder  Bridge. 
C.  B.  &  Q.  R.  R. 

"{€)  Surface  brush  coatings,  such  as  oil  paints  and  varnishes,  are  not  considered  reliable  or 
lasting  for  waterproofing  of  masonry." 

The  membrane  method  of  waterproofing  bridge  floors  will  be  shown  by  describing  the  standard 
methods  of  waterproofing  in  use  by  two  railroads. 

CHICAGO,  MILWAUKEE  &  ST.  PAUL  RT.  SPECIFICATIONS  FOR  WATERPROOFING. 
The  specifications  of  the  Chicago.  Milwaukee  &  St.  Paul  Ry.  for  waterproofing  are  as  follows; 

The  necessary  provision  tor  drainage  and  expansion  must  be  made  in  designing  the  structure. 
The  walerproofing  should  never  be  compelled  to  resist  hydrostatic  pressure,  and  the  membrane 
should  always  be  protected  by  a  layer  of  concrete. 

(i)  Preliminary. — Fill  all  openings  and  pockets  in  the  concrete  except  expansion  joints 
with  cement  mortar,  and  round  off  all  sharp  corners.  Wherever  waterproofing  stops  on  a  vertical 
surface  the  end  should  he  flashed  into  a  groove  in  the  concrete. 

(2)  Preparing  the  Surface.— Thoroughly  clean  and  dry  the  concrete  surface  using  wire 
brushes  and  being  careful  to  remove  all  the  laitance.  If  necessary  use  hot  sand  to  dry  the  con- 
crete. Apply  a  coat  of  gasolene  to  the  clean  dry  surface  and  follow  with  a  coat  of  cold  primer, 
spreading  the  primer  evenly  with  a  brush.  Omit  the  primer  where  tar  paper  is  to  be  placed  and 
over  expansion  joints. 

(3)  Laying  the  Burlan. — After  the  primer  coat  has  completely  dried,  apply  a  coat  of  pure 
hot  asphalt,  and  mop  until  the  layer  has  a  thickness  of  i  in.  While  the  asphalt  is  stilt  hot  begin 
laying  the  burlap.  Lay  the  first  strip  of  burlap  transverse  to  the  drainage  at  the  lowest  point. 
Lay  the  strips  shingle  fashion,  as  for  tar  and  gravel  roofs,  and  parallel  to  the  first  strip  working 
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up  to  tbe  summit  and  expoaii^  one-third  of  each  width  of  burlap  to  the  weather.  Press  each 
strip  firmly  into  the  asphalt,  then  mop  well  with  pure  melted  asphalt  taking  care  to  thoroughly 
saturate  the  barlap  and  to  fill  all  cracks  and  blow  holes.  Lap  the  joints  in  the  strips  6  in.  On 
this  three-ply  layer  of  burlap  spread  a  continuous  layer  of  hot  asphalt  mopping  well  until  a  layer 
□(  I  in.  is  obtained.     See  (f)  Fig.  26. 

(4)  Snnucit  Joints.^After  the  work  has  been  brought  up  to  the  desired  point  from  both 
sides,  interlap  in  order  the  strips  which  reach  across  the  joint,  mopping  asphalt  between  burlap 
surfaces.  Place  a  strip  of  burlap  along  the  joint  for  a  closing  strip;  and  complete  by  laying  the 
upper  i  in.  of  asphalt  as  before  described.    See  (g)  Fig.  a6. 

(5)  Longitadiiul  Jointa. — If  possible  the  waterproofing  should  be  laid  in  one  run  the  full 
width  transverse  to  the  drain  slope  of  the  surface  to  be  waterproofed.  The  ends  of  the  burlap 
strips  should  be  flashed  into  recesses  in  the  walls,  curbs  or  parapets  as  shown  in  (e)  Fig.  36.  Where 
longitudinal  joints  are  necessary  cut  the  burlap  long  enough  to  extend  12  in.  beyond  the  primed 
and  asphalted  surface  of  the  concrete  and  use  care  as  the  strips  are  laid  Chat  the  is  in.  stiip  is 
kept  free  from  asphalt.  When  the  succeeding  section  is  to  be  wa  terproof ed  fold  back  the  projecti:^ 
sUijs  of  burlap  over  the  completed  waterproofing  and  bring  the  new  up  against  the  completed 
portion  of  the  waterproofing,  interlapping  the  projecting  ends  of  the  burlap  with  the  new  burlap 
a9  the  work  progresses,  (f)  Fig.  36.  On  concrete  trestle  or  subway  slabs  longitudinal  joints  in 
ihe  iraterprsofing  should  preferably  be  on  the  center  line  of  the  slak^.  If  it  is  necessary  to  place 
ioinia  in  the  waterproofing  over  joints  in  the  slabs  special  care  should  be  taken. 

(6)  Bzpanaiaa  Joints. — Lay  two  continuous  strips  of  tar  paper  36  in.  wide  over  the  expansion 
joint,  being  careful  to  see  that  no  asphalt  gets  between  or  under  the  two  strips  of  tar  paper.  Then 
mop  the  top  strip  with  hot  asphalt  and  carry  the  waterproofing  over  the  top  of  the  paper  the 
same  as  if  no  joint  existed.     See  (b)  and  (h)  Fig.  36. 

(7)  Concrete  Protection. — After  the  i  in.  &yer  of  asphalt  on  top  of  the  burlap  has  become 
cok],  spread  a  j  in.  layer  of  concrete  evenly  over  the  surface.  Then  press  a  layer  of  expanded 
metal  into  the  concrete,  and  cover  the  metal  with  a  layer  of  concrete  i  in.  thick  making  the  total 
thickness  of  the  concrete  i}  in.,  and  trowel  the  concrete  smooth.  Protect  the  concrete  from  the 
sun  (or  34.  hours  after  laying.  The  joints  in  the  expanded  meta!  should  be  lapped  6  in.  See  (d) 
Fig.  16. 

(8)  Haterials. — Btirlap. — The  burlap  is  to  be  treated  8  01.  open  mesh  furnished  in  widths 
of  36  in.  to  43  in. 

Concrete. — The  concrete  is  to  be  t  part  Portland  cement,  3  parts  tprpedo  sand,  and  3  parts 
stone  or  gravel  that  will  pass  a  i  in.  ring. 

Mortar. — ^The  mortar  is  to  be  I  part  Portland  cement  and  3  parts  washed  torpedo  sand. 

Primer. — The  primer  is  made  by  pouring  hot  asphalt  in  80  per  cent  gasolene  until  mixture' 
will  spread  readily  with  a  brush. 

Asphail. — ^Pure  asphalt  conforming  to  accepted  specifications  is  to  be  used.  Before  using 
the  asphalt  heat  it  in  a  suitable  kettle  to  a  temperature  not  exceeding  450°  F.  The  temperature 
is  lo  be  taken  with  a  thermometer.  Asphalt  neated  above  450  degrees  F,  or  giving  off  yellow 
fumes  is  to  be  discarded  as  overheated. 

Expanded  Metal. — The  expanded  metal  is  to  be  equivalent  to  Northwestern  Expanded 
Metal  Go's.  "2I  in.  No.  16  Regular"  expanded  metal. 

Tar  Paber. — The  tar  paper  will  be  furnished  in  rolls  36  In.  wide. 

CHICAGO,  BORUNGTON  &  QDIHCY  R.  R.  SPECIFICATIONS  FOR  WATERPROOF- 
IMO. — The  specifications  of  the  Chicago,  Burlington&Quincy  R.  R.  for  waterproofing  are  as  follows; 

(0  Desctiption.^The  waterproofing  shall  consist  of  a  mat  of  4-ply  of  burlap  and  i-ply  of 
felt  thoroi^hly  saturated  and  bonded  together  with  waterproofing  asphalt  and  covered  with  one 
inch  of  sand  and  asphalt  mastic. 

{2)  fteparing  the  Surface. — The  surface  of  the  concrete  shall  be  smooth,  clean  and  dry. 
Upon  this  surface  apply  a  coat  of  primer,  which  shall  be  thin  enough  to  penetrate  the  concrete 
and  form  an  anchorage  for  the  waterproofing.  No  waterproofing  shall  be  done  when  the  temperature 
is  kss  than  60  degrees  F. 

(i)  Appling  the  Builap. — After  the  priming  coat  has  dried,  a  heavy  coat  of  waterproofing 
asphalt  liMted  to  a  temperature  of  aoo  degrees  F.  shall  be  applied  with  mops  the  width  of  the 
burlap,  and  while  the  asphalt  is  still  hot  a  layer  of  burlap  shall  be  bedded  in  it.  The  burlap 
shall  be  laid  just  behind  the  mopping  and  shall  be  swept  free  from  folds  and  pockets  with  a  broom. 
The  surface  of  the  burlap  shall  be  heavily  mopped  with  waterproofing  asphalt.  Three  more  ply 
of  burlap  shall  be  laid  in  the  same  manner,  making  a  4-ply  burlap  mat  all  thoroughly  saturated 
and  bonded  tt^ether. 

The  top  of  the  burlap  mat  shall  be  heavily  mopped  with  asphalt  and  one  layer  of  felt  saturated 
with  asphalt  shall  be  laid  on  the  burlap  and  the  edges  of  the  felt  lapped  at  least  3  inches  and  sealed 
with  aaphah.     The  top  of  this  felt  shall  also  be  mopped  with  waterproofing  asphalt. 

(4)  Hutic  Protection. — The  burlap  and  felt  mat  shall  be  covered  with  one  inch  of  asphalt 
maitic  laid  in  one  layer,  tbe  mastic  to  be  composed  of  one  part  waterproofing  asphalt  and  four 
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parts  &ae  gravel  naded  from  i  En.  to  fine  sand.    Tlie  top  of  the  mastic  shall  be  leveled  off  with 
wooden  floats  ana  mopped  with  waterproofing  asphalt. 

(5)  Ezpaiuioii  Jointa. — At  all  expansion  joints  in  the  concrete  a  fold  to  allow  for  the  ex- 
pansion of  the  structure  shall  be  formed  by  laying  the  burlap  and  felt  over  a  one-inch  pipe;  the 
pipe  being  removed  as  the  mat  ia  being  completed^ 

(6)  S^icea  and  Flaahiiu.— >-Where  the  work  is  stopped  before  beii^  completed  at  least  3  feet 
of  burlap  at  the  end  and  one^alf  the  width  of  the  burlap  at  the  side  ^U  be  li^t  exposed  to  form  a 

_  _rUp  and  ni  ... 

ehall  De  concreted  into  a  recess  in  the  walls  so  that  n 

carried  down  over  the  back-walls  at  the  ends  of  the  bridge  to  c 

shall  run  into  a  line  of  tile  to  facilitate  the  escape  of  the  water. 

(7)  HateilaU. — Burlap. — The  burlap  is  to  be  8  ox.  open  mesh  high  grade  burlap  saturated 
with  an  asphalt  meeting  the  specifications  for  waterproofing  asphalt.  It  shall  come  in  rolb 
which  shall  be  placed  on  end  for  shipment  and  storage,  and  shall  not  stick  together  in  the  roll. 

Felt. — The  felt  shall  be  a  good  quality  of  wool  felt  saturated  and  coated  with  an  asphalt 
meeting  the  specifications  for  waterproofing  asphalt.  It  shall  come  in  rolls  which  shall  be  placed 
on  end  for  shipment  and  storage,  and  shall  not  stick  together  in  the  roll.  It  shall  not  weigh  less 
than  15  lb.  per  100  sq.  ft. 

Pr<t«M«r.^The  primer  shall  be  an  asphaldc  compound  of  approved  quality  and  capable  of 
adhering  firmly  to  the  concrete. 

WattrproofiTig  Asphait. — The  waterproofing  asphalt  shall  meet  the  following  requirements. 

I.  The  specific  gravity  of  the  asphalt  desired  shall  be  greater  than  0.05  at  77  degrees  F. 
.  The  nowing  point  shall  not  be  less  than  100  degrees  F.  nor  more  than  140  degrees  F. 
Tk=  a^.u :_.  .U..11 •.  ■     ■  •  ■  — 


3.  The  flash  point  shall  not  be  lower  than  450  degrees  F. 
^layrfa  of  Tfr  ^rr--^ 
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Fig.  *6.    Standard  Method  of  Watebproofing  Bridge  Floors.    C.  M.  &.  St.  P.  Ry. 

4.  The  penetration  at  80  degrees  F.  for  a  period  of  30  seconds  shall  be  at  least  15  millimeters 
and  must  not  exceed  20  millimeters.  This  penetration  to  be  measured  with  a  Vicat  needle  weighing 
300  giams,  one  end  being  one  millimeter  in  diameter  for  a  distance  of  6  centimeters. 

5.  When  heated  to  a  temperature  of  325  decrees  F.  for  7  hours  the  loss  in  wright  shall  not 
exceed  1  per  cent  and  the  penetration  of  the  residue  at  80  degrees  F.  and  for  the  period  of  30 
seconds  using  the  same  instrument  as  described  above  shall  not  be  reduced  more  than  50  per  cent. 

6.  The  total  soluble  in  carbon  bisulphide  shall  not  be  less  than  99  per  cent. 

7.  The  total  soluble  in  88  degree  naptha  shall  not  be  less  than  70  per  cent. 

8.  The  total  inorganic  matter  or  ash  shall  Cot  exceed  one  per  cent, 

9.  Cold  Test.  , 

a.  A  cube  of  the  asphalt  one  inch  on  edge  shalV  be  soft  and  malleable  at  a  temperature  of 
zero  degrees  F. 
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b.  A  film  of  the  asphalt  having  a  thickness  not  less  than  A  inch  shall  be  so  pliable  at  zero 
degrees  F.  that  it  can  be  bent  in  a  radius  of  i  inches.  The  total  time  consumed  m  the  bending 
of  this  film  shall  not  exceed  3  seconds. 

10.  The  asphalt  shall  not  be  affected  by  any  of  the  following  solutions,  after  beii^  immersed  I 
in  them  for  a  period  of  3  days: — (a)  a  2j  per  cent  solution  of  sulphuric  add;  (b)  a  25  per  cent  ' 
solution  of  hydrochloric  acid;  (c)  a  20  per  cent  solution  of  ammonia. 

FLOORBEAH  CONKECTIONS.— The  details  of  floorbeam  connections  depend  upon  the 
clearance,  depth  of  truss,  length  of  panels  and  type  of  floor.  A  standard  type  of  fiooriieam  con- 
nection for  a  pin-connected  truss  of  150  ft.  span  is  shown  in  Fig.  38,  and  details  of  the  lower  lateral 
n  are  shown  in  Fig.  27.     Details  of  a  floorbeam  connection  for  a  pin-connected  truss  wiih 
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IHTERMEDIATE  FLOOR  BEAM 
Fig.  ag.     Interuediatb  Floorbeam  Connection,    A.  T.  &  S.  F.  Rt. 

four  stringers  is  shown  in  Fig.  29.  Details  of  a  floorbeam  for  a  riveted  tniss  bridge  are  shown  in 
Fig.  40.  Details  of  an  end  floorbeam  are  shown  in  Fig.  40.  Details  of  the  standard  end  floorbeam 
of  the  A.  T.  &  S.  F.  Ry.  are  shown  in  Fig.  30.  The  end  floorbeam  in  Fig.  30  is  supported  directly 
on  the  end  pin,  and  gives  a  very  satisfactory  solution  of  a  difficult  problem  and  requires  the  driving 
of  a  minimum  number  of  held  rivets. 

PEDESTALS  AND  SHOES.— Details  of  standard  cast  steel  pedestals  and  shoes  as  designed 
by  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  are  shown  in  Fig.  31,  Fig.  33,  and  Fig.  34.  Details 
of  segmental  rollers  are  shown  in  Fig.  33,  and  Fig.  35.  Details  of  expansion  bearings  for  plate 
girders  are  shown  in  Fig.  36,  and  Fig.  37.  Details  of  a  built-up  end  shoe  with  circular  rollers 
are  shown  in  Fig.  40.     Details  of  a  built-up  end  shoe  and  segmental  rollers  are  shown  in  Fig.  41. 

EXAMPLES  OF  PLATE  GIRDERS. — Details  of  an  Ss-fl.  span  single  track  deck  railway 
plate  girder  bridge  as  designed  for  the  Kansas  City,  Mexico  &  Orient  R.  R.,  by  Mr.  Ira  G. 
Hedrick,  Consulting  Engineer,  arc  shown  in  Fig.  36.     The  upper  flanges  are  made  of  four  angles 
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without  cover  platea,  so  that  the  ties  may  be  of  uniform  thickness  and  there  will  be  no  rivet  heads 
to  interfere  with  placing  the  ties.  The  lower  flanges  are  made  of  angles  with  cover  plates.  These 
plans  represent  the  most  modem  practice  in  the  design  of  deck  plate  gurder  railway  bridges. 
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Fig.  30.    End  Ploorbeah  Connection.    A.  T.  &  S.  F.  Rt. 

Details  of  a  60-ft.  span  single  track  through  railway  plate  girder  bridge  as  designed  for  the 
Haniman  Lines  are  shown  in  Fig.  37.  The  details  of  the  bearings  are  shown.  Rollers  are  used 
for  the  expan»on  ends  of  spans  of  75  ft.  and  over.  Data  on  standard  plate  girder  bridges  designed 
under  Common  Standard  Specifications  too6  are  given  in  Table  I. 

EXAMPLES  OF  TRUSS  BRIDGES.— The  marking  diagram  for  a  truss  railway  bridge  is 
sbown  in  Fig.  38.  The  lower  chord  joints  are  marked  io,  Li,  ht,  etc,  while  the  upper  chord 
joints  are  marked  V\,  V%,  etc.  In  detailing  a  truss  an  inside  view  of  the  leit  end  of  the  farther 
truss  is  shown;  this  is  marked  right  as  shown.     Details  of  a  single  track  through  rive 
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Fig.  31.    Pedestals.    Chicago,  Milwaueee  a  Sr.  Paui,  Ry. 
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Fig.  32.    Rollers.     Chicago,  Mn.wAUKEE  &  St.  Paul  Rt. 

c.s.,=j  I,  Google 


SHOE  DETAILS. 


^ 


t~t- 


^Trusy-' 


A 

&k 

iija^M 

|l 

■iirii--ii--ii-t 

- 

- 

II 

M--w-~M- 

H/ILF  Vl£W   i  HflLF  VJ£W 

PiNTeussa  \llivcnD  Twsscs 


51 


Fig.  33.    Shoe  Details.    Chicago,  Milwaukee  &  St.  Paul  Ry. 
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Fig,  34.    Shoe  Details.    Chicago,  Milwaukee  4  St.  Paul  Ry. 
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bridge  designed  for  the  Kansas  City,  Mexico  &  Orient  R.  R.,  by  Mr.  Ira  G.  Hedrick,  Consulting 
Engineer,  are  shown  in  Fig.  39  and  Fig.  40.  The  end-posts  and  top  chords  are  made  of  two  15 
inch  channels  with  a  cover  plate,  and  the  lower  chords,  the  posts  and  the  main  ties  are  made  of 
two  channels  with  the  flanges  turned  in.     The  total  weight  of  the  steel  in  the  span  was  303,000  lb. 
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Fig.  35.     Details  of  Segmental  Rollers  for  Girders. 
Chicago,  Milwaukee  &  St.  Paul  Ry. 


Details  of  a  double  track  through  riveted  truss  brid^  designed  for  the  Chicago  &.  North- 
western Ry.  are  given  in  Fig.  41.  The  bridge  has  a  span  of  170  ft.,  the  trusses  are  spaced  29  ft. 
I  in.  centers,  and  the  bridge  has  a  vertical  clearance  of  as  ft.  6  in.  This  bridge  has  trusses  with 
triple  intersection  webs,  and  has  a  ballastc^d  track  carried  on  a  steel  plate  trough  floor.  This 
bridge  was  designed  for  a  dead  load  of  4.570  lb.  per  lineal  foot  for  each  truss  and  an  E  50  live  load. 
There  is  a  top  lateral  system  of  multiple  X-bracing  made  with  pairs  of  angles  latticed,  and  sway 
bracii^  of  transverse  top  chord  struts  and  portals.  I 

Detail  shop  drawings  of  the  end-post  of  a  pin-connected  truss  bridge  are  given  in  Fig.  42,  and    I 
the  detail  shop  drawings  of  the  end  section  of  the  top  chord  of  the  same  bridge  are  given  in  Fig.  43. 
The  standard  methods  of  detailing  compression  members  are  shown. 

Details  of  a  single  track  pin-connected  truss  bridge  designed  by  Mr.  Ralph  Modjeski  for  the 
Northern  Pacific  R.  R.  are  given  in  Fig,  44,  Fig.  45  and  Fig.  46. 

SPECIFICATI0IT5  FOR  RAILWAT  BRIDGES.— To  determine  the  present  practice  in 
the  design  of  milway  bridges  the  author  has  made  a  study  of  the  latest  available  specifications.  | 
As  3  basis  for  comparison  the  sbctcen  specifications  given  in  Table  XI,  were  selected  as  being 
representative  of  the  best  practice.  Several  other  prominent  railroads  have  adopted  the  speci- 
fications of  the  American  Railway  Engineering  Association,  so  that  the  sixteen  specifications  cover 
the  major  part  of  the  railroad  mileage  in  North  America.  The  standard  specifications  of  the 
Chicago,  Milwaukee  and  St.  Paul  Ry,,  the  New  York,  New  Haven  and  Hartford  R.  R,,  and 
the  Canadian  Society  of  Civil  Engineers,  all  adopted  in  1912,  are  based  on  the  staDdard  sped- 
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Fig,  41.    Chicago  &  Northwestern  Railway  Bridge. 
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Fig.  45.    Single  Track  Through  Pin^:onnected  Rail.way  Bridge. 
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Fig.  46.    Single  Track  Through  Pin<onnbctb1}  Railway  Bridge. 
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fications  of  the  American  Railway  Engineering  Awoclation;  the  spedficationa  in  each  caae  differii^ 
from  the  specificationa  of  the  American  Railway  Engineering  Association  only  in  requiiementi 
for  clearances,  and  in  minor  clauses,  and  clauses  required  to  cover  individual  practioe,  and  local 
conditions  of  the  individual  roada. 

TABLE  XL 
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Fig.  47.     Clearance  Diagram. 


The  present  practice  is  to  use  the  specifications  of  the  American  Rdlway  Ei^neering  Associ- 
ation as  a  ba^is  for  specifications  and  to  add  such  additional  clauses  as  may  be  necessary  to  cover 
the  practice  of  the  individual  railroad.  Several  railroads  have  adapted  the  specifications  of  the 
American  Railway  Engineering  Association  and  issue  supplementary  instructions  to  cover  their 
individual  practice;  see  standards  of  Chicago,  Milwaukee  8:  St.  Paul  Ry.  which  follow  the 
A.  R.  E.  A.  specifications  in  this  chapter.     The  specifications  of  the  American  Railway  Engineering 
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Association  are  refmnted  in  tbe  latt  part  of  thia  chapter.  To  show  tbe  present  practice  in  the 
desigii  ol  railway  bridges  as  given  in  the  sixteen  different  specifications  the  most  important  vari- 
adoos  from  the  American  Railway  Engineerii^  Association  Specifications  will  be  briefly  discussed. 
Tbe  sections  in  the  specificatious  of  the  American  Railway  Engineerii^  Association  will  be  referred 
to  by  number. 

ii.  ClearancoB. — The  clearances  for  through  single  track  bridges  on  tangent  are  given  in 
Tible  XI.  The  clearances  on  curves  differ  considerably.  Standard  formulas  for  calculati:^ 
bridge  clearances  on  curves  are  as  follows: 


Nomenclature,  Fig.  47: — 
D  =  degree  of  curve 
R  =  ra&us  of  curve,  in  feet 
w  —  cleaiance  width  on  tangent 
a  =  mid-ordinate  to  chord  of  length  A 
b  =  mid-ordinate  to  chord  of  length  B 
c  =  mid-ordinate  to  chord  of  length  L 
e  =  amount  of  superelevation  in  feet  which  is 

taken  up  in  JUior  0}  span 
k  "  height  of  car  or  distance  from  top  of  upper 

flange  or  chord,  whichever  is  least 
s  =  additional  clearance  required  on  account 

of  superelevation 
G  =  outside  clearance  from  center  line  of  bridge 
H  -  inside  clearance  from  center  line  of  bridge 


Formulas  ;- 
■  5^  (nearly)  = 


8  X  5730 

-  .0oo03iBi7i4*-Z' 
6  =  .oooo2i8i7B*-Z> 
c  -  .oooo2i8i7Z.>-D 

I  =  -  X  A  "  o.ae-ft  (c.  to  c.  rails 

—  5  ft.  nearly) 


H-?4 


^;  +  ' 


For  Standard  Car 
A  —  8o'-o"  B  =  6o'-o" 

a.  =  0.1396D 
6  ■=  .07854II 
G  =  -  +  (.06109  +  .ooooi0909X<)D 


U- 


-  +  (.07854  +  .00001 0909  £.')D 


Hem  York  Ceittnil  Lints. — Single-tracic  tl 
i  trusses  or  girders  and  the  width  betwi 

Cliakancs  Lih£-. 


s  shall  have  the  location  of 
n  clearance  lines  as  shown  in  Figs.  48  and  49. 


CllAPANCE  LlN5-~^ 


Fig.  48. 
If  •  lateral  clearance  from  centt 


^  1^ lA^?TKPf.-^3^^..^  vj 

Fig.  49. 
line  of  track  required  by  clearance  diagram  for  tangent  aline- 


W  =  middle  ordinate  of  curve  for  a  chord  equal  to  span  length. 

X  -  addition  for  overhang  of  a  car  85  ft.  long,  with  trucks  60  ft.  c.  to  c;  to  be  taken  as  one  inch 

for  each  degree  of  curve. 
y  =  addition  in  inches  (on  the  inside  of  the  curve  only)  on  account  of  the  superelevation  of  the 
outer  rail,  to  be  taken  as  follows: 
For  heights  from  15  ft.  to  33  ft.  above  tbe  top  of  rail ;  Y  ^  i  inches  per  inch  of  superelevation. 
For  heights  from  3  ft.  9  in.  to  15  ft.  above  top  of  rail;  ¥  -  jft/5  (to  use  with  W  -  7  ft. 

For  heights  from  top  of  rail  to  3  ft.  9  in.  above;  Y  —  slh  +  i.g)/4. 
>  "  superelevation  in  inches. 
i  ~  height  above  top  of  rail  in  feet. 
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Chap.  H 


Cooper's  Specifications. — The  additional  clearance  (or  curves  b  to  be  as  follows:  O-85I 
—  inches  on  each  side;  i.joD  —  inches  between  track;  where  D  ■•  desree  o(  curve.  I 

N.Y.,  N.H.SfH.R.  £.— The  additional  clearances  on  curves  wUl  be  as  follows:  i.oo  X  J 
-■  inches  on  each  side;  IJS^  ~  inches  between  tracks,  where  D  —  degree  of  curve.  1 

Types  of  Bridges. — The  present  practice  is  to  use  plate  girders  for  spans  up  to  no  or  120  ft] 
riveted  trusses  for  spans  of  from  100  to  300  or  250  ft.,  and  pin-connected  trusses  for  spans  d 
about  30O  ft.  snd  upwards.  Riveted  truss  bridges  of  300  and  400  ft.  span  are  not  uncontmoi 
The  types  <^  bridges  and  minimum  lengths  of  span  as  given  in  twelve  specifications  are  given  a 
Table  XII.  j 

TABLE  XII.  I 

7y/¥J  OFBHIMiS  AHD  LcmTHS  Of  SPAH-  \ 
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53-  Spacing  erf  Tnuaes. — The  present  practice  is  not  to  put  requirements  for  spacing  of 
trusses,  lengths  of  span,  types  of  bridge,  etc.,  in  the  specifications  but  to  prepare  office  standards 
for  the  use  of  en^necrs  ana  draftsmen.  Data  on  spacing  stringers,  girders  and  trusses  are  given 
in  Table  XIII.  The  spacings  for  Illinois  Central  R.  R.  deck  girders  arc  given  in  Figs,  ti,  la  and 
13,  and  of  Common  Staodaixl  Bridges  in  Table  I. 

The  Chicago,  Milwaukee  and  St,  Paul  Ry.  spaces  girders  7  ft.  6  in.  west  of  the  Missouri 
River,  and  8  ft.  east  of  the  Missouri  River.  The  Northern  Pacific  R.  R.  spaces  stringers  8  ft. 
for  spans  of  150  to  too  ft. ;  and  deck  girders  8  ft.  for  80  ft.  spens. 

IS.  Ties. — The  present  practice  is  to  calculate  the  size  of  stringers  for  the  specified  fiber 
stress.  Fifteen  specifications  require  that  the  wheel  load  be  considered  as  carried  by  three  ties, 
and  one  specification  by  four  tics.     Data  on  ties  are  given  in  Table  XIV. 

The  Illinois  Central  R.  R.  uses  tics  on  deck  girders  as  follows: 


Deck  Spun. 

DUUnoc  Ceours. 

\ 

60  ft.  and  under 
60  ft.  to    80  ft- 
80  ft.  10  100  ft. 
loofi  toiiofi. 

7  ft. 

8  ft. 

8  in.  X    8  in.  X 
8  in.  X  10  in.  X 

10  in!  XII  in' XI 

Oft. 
I  ft. 
I  ft. 
ift. 

i6.  Dead  Loads.— Data  on  dead  loads  are  given  in  Table  XV. 
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%7.  live  Loads. — Data  for  live  loads  are  given  in  Table  XVI.  The  type  of  ei^ne  is  given 
in  the  second  column  and  the  we^ht  in  thousands  of  pounds  of  a  single  engine  without  tender 
is  given  in  the  third  column;  the  special  loadings  and  the  gpacine  of  the  loads  are  given  in  the 
Fourth  and  fifth  columns;  the  impact  formulas  arc  given  in  the  sixth  column;  the  allowable  tensile 
stresses  are  given  in  the  seventh  column,  and  the  equivalent  loading  is  given  in  the  last  column. 
The  equivalent  loading  is  found  by  multiplying  the  loading  in  the  second  column  by  16,000  and 
dividing  hy  the  allowable  tensile  strength.  The  present  stanidard  loading  on  trunk  lines  is  Cooper's 
£  60  loading. 

The  CM.  &  St.  P.  Ry.  uses  E  60  followed  by  a  train  load  of  7,000  lb.  per  lineal  foot  of  tmck 
on  ore  roads;  while  the  Duluth  &  Iron  Range  R.  R.  uses  E  60  followed  by  a  train  load  of  8,000  lb. 
per  lineal  foot  of  track. 

In  a  paper  entitled  "Rolling  Loads  on  Bridges"  published  in  Bulletin  No.  161,  Am.  Ry. 
Eng.  Assoc.,  November  1913,  Mr.  J,  E.  Greiner,  Consulting  Engineer,  has  tabulated  the  live 
loads  of  39  railroads,  including  all  but  one  of  the  roads  in  Table  XVI.  Of  the  39  roads  thirteen 
are  building  bridges  equal  to  E  60;  four  equal  to  E  57;  seven  equal  to  E  55;  one  equal  to  E  53; 
.  ten  equal  to  E  50;  two  equal  to  E  47;  one  equal  to  E  45,  and  one  equal  to  E  65. 

Of  the  39  roads  considered  26  roads  use  the  impact  formula  of  the  Am.  Ry.  Eng.  Assoc.; 
and  24  roads  use  a  tensile  stress  of  16,000  lb.  per  sq.  in.    The  highest  tensile  stress  is  18,0     " 


D,=;,lz.../C0t)gl. 


204 

STEEL  RAILWAY  BRIDGES. 

TABLE  XIV. 
Data  on  Tibs  on  Bridges. 

Chap.  IV. 

SpedficatkHU. 

Minimum  Sbe  and  Stndni  of  Tk*. 

Data  for  Derisn.              |' 

SiK. 

LaWh. 

Fiber  Stren.  Lb, 
perSQ.  In. 

pScSl 

1.  Am.  Ry.  Ena.  Aisoc. 
1.  A.T.  &St.  F.R.  R.. 

3.  B.&O.R.R 

4.  B.&M.R.R 

10  tt. 
lift. 

.It 

10  ft. 

6  in. 
12  in.  CBnten 
6  b. 
6  in. 
6  m. 

'♦'!>;. 

1,400 
1,000 
2,000 
»,000 

100 

8  in.  X  8  in. 
8  in.  X  8  in. 

6.  CR.  I.  &P.  R.  R... 

7.  Common  Standard... 

■■Bin.x'ioin.' 

1,000 
1,500 

.c= 

9.  lUinoi.  Central  R.  R. 
la  K.  CM-SO.  R.  R. 
11.  L.V.R.R 

(6"  X  8"  flit 
■{  Four  lines  of 
1    stringer.) 

8  b.  X  10  in. 

10  ft. 
10  ft. 

13  in.  «nt.« 

13.  N.  y.,  N.  H.  &  H. 

10  ft. 

6  in. 

I/OO 

.00 

14.  Penna.  W.  of  Pitt*- 

15.  Nat.^.  ofMeiioo.. 

410. 

I.OOD 

1,800 

Td? 

1 
Data 

ABLEX 
ON  Dead 

V. 
Loads. 

Spedfication.. 

Weight  in  Lb.                                                          | 

Timber. 

Ballot. 

ConcRte. 

Railiand 

Total  Weight  (rf 

2.  A.,  T.  &  S.  F.  R.  R 

3.  B.  ftO.  R.  R 

4.  B.  &M.  R.  R 

5.  C.  M.  Bl  St.  P.  Ry 

4 

Timber  Ballasted 
Deck  1,400 

130 

ISO 
ISO 

150 

ISO 

100 

too 

400  mm. 

Creoeoted  5 

Z 

g.  Illinois  Central  R.  R. .  . . 

"SO 

100 

400 

IS 

II.  Uhigh  Valler  R.  R 

11.  N.  Y.  Central  R.  R 

13.  N.  Y.,  N.  H.  &  H.  R.  R. 

14.  Penna.  W.  of  Pittsburgh 

15.  Nat.  L.  of  Mejiico 

17.  Dcpt.  of  .R.R.  of  Canada 

:1 

ISO 
ISO 

ISO 

170 
ISO 
ISO 

100 

400 

4 
4 

100 

IK) 

600 

per  sq.  in.  and  the  lowest  is  15,000  lb.  per  sq.  in.  Of  the  39  roads  con^dered  all  except  one  use  a 
concentrated  system  of  engine  loadings;  one  road,  the  Pennsylvania  Lines  West  of  Pittsbureh, 
uses  a  uniform  load  of  5,500  lb.  per  lineal  foot  of  track  and  an  excess  load  of  66.000  lb.  on  one 
axle;  no  road  is  using  an  equivalent  uniform  load.  For  data  on  the  heaviest  locomotives  in  service 
and  the  relative  stresses  due  to  these  locomotives  compared  with  E  50  loading  see  Table  II, 

Mr.  Greiner's  conclusion  is  that  E  50  bridges  will  safely  carry  all  loads  that  can  be  carried 
without  increasing  the  present  vertical  and  horizontal  clearances. 
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TABLE  XVI. 
Livs  Loads  for  Railway  Bridges. 


Baslde. 

Special  Load*. 

ImpKt. 

'•-Wf.^ 

^^X 

^'^ 

Tn*. 

Wdsht 
"IT 

Welgbt 

-Vr'"- 

COMOU 

is 

ESi 

Ess 

ES! 

E4S 

E60 
E60 

E60 

EXCCM* 

E60 

291.0 
11  J. 0 

170.0 

m-s 
170,0 

»47.S 

*47-S 

H7-S 

loi-s 

170.0 
170.0 

170.0 

Cooper 

a.r.e:.a. 

LL 

E60 

{11? 

Ess- 
Ess- 
E,o 

E&. 
ESJ 
E60 
E6s 
Ess 

3-  B.&O.R.R.... 

4.  B.  &M.  R.R. .. 

5.  C.  M.  &  St.  P. 

60,000 

68,750 
7s,ooo 

68,7SO 

"e" 

7 
7 

7 

16,000 
16,000 

18,000 

16/xx) 
18,000 

16,000 

7,000  (1  +^|^) 

6.  C.  R.  i.  &  P. 

Standard 

9.  Illinois  Omtral 

10.  K.  C,  M.  &  0. 

56,150 

75,000 
71,000 

65,000 

7 

74 

7 

6 

A.  R.  E.  A. 

I.aunhardt 
Cooper 

11.  Lehigh  Valley 

I  J.  N.  Y.  Cenml... 

13.  N.Y.,N.H.& 

H.  R.  R 

14.  Penna.  W.  of 

Pittsburgh 

1;.  N«t.LofMEi.. 

170.0 

1.  C.  M.  4  St.  P.  Ry.  uses  E  55  east  of  the  Missouri  River  and  E  60  west. 

2.  A  uniform  train  load  of  7,000  lb.  per  lin.  ft.  on  ore  roads. 

3.  A  unitonn  train  load  of  5,000  lb.  per  lin.  ft. 

4.  A  uniform  train  load  of  6,000  lb,  per  lin.  ft. 

5.  Train  load  of  5,500  lb.  per  lin.  ft.  and  excess  load  of  66,000  lb. 

{9.  Impact. — Ten  of  the  sixteen  specitica 


e  the  impact  coefficient  as  given  ir 


;   Launhardt's   formula,    P 


-(■ 


s  for  different  members.     Two 
I  where  P  ^  allowable  unit 

,  J      ,      Ljve  i-oag  stresa      

Live  Load  Stress  +  Dead  Load  Stress 
In  the  paper  referred  to  in  section  7,  Mr.  Greiner  found  that  26  roads  used  the  A.  R,  E,  A. 
formula  for  impact. 

{10  &  II.  Wind  Loftds. — The  wind  loads  given  in  the  different  specifications  are  variable 
and  space  will  not  permit  going  into  detail.  Most  of  the  specifications  require  that  the  moving 
wind  load  on  the  loaded  chord  be  considered  as  applied  at  6  or  7  ft,  above  the  top  of  the  rail, 

I13.  Centrifugal  Force. — Five  of  the  sixteen  specifications  have  the  same  requirement  as  in 
section  13,  The  centrifugal  force  of  a  body  moving  in  a  circular  path  is  C  =  W-V*!32-2R, 
where  W  =  weight  of  live  load  per  lineal  foot;  V  =  velocity  of  train  in  feet  per  second,  and 
R  =  radius  of  curve  in  feet.  For  a  speed  of  60  — aJC,  C  —  O.039W  for  a  1  degree  curve;  C  =■ 
0.071  W  for  a  a  decree  curve;  C  =  0.1 171^  for  a  4  degree  curve,  and  C  =  o.i43H-'fora  10  degree 
curve.  Five  specifications  require  that  the  centrifugal  force  be  applied  at  5  to  74  feet  above  the 
rail.  Two  specifications  takS  the  centrifugal  force  as  C  —  o.OiW'D,  where  W  —  equivalent 
weight  of  live  load  per  lineal  foot,  and  D  =  degree  of  curve;  one  takes  C  =  o.oaW-D,  and  two 
take  C  =  ao4sTF-D.  The  K.  C.  M.  &  O.  R.  R.  takes  C-  W-V/ai-aR,  where  H'  -equiva- 
lent weight  of  live  load  per  lineal  foot,  V  —  velocity  of  train  in  feet  per  second  (calculated  for  50 
miles  per  hour),  and  R  —  radius  of  curve  in  feet.     This  gives  C  —  o.oaoH'-D,  -~  i 
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(14.  tTnit  StreSMB. — For  a  comparison  of  the  tenaile  unit  stresses  see  Table  XVI. 
13.  Altsmate  Stressea. — Four  at  the  sixteen  specifications  use  the  same  specification  as  in 
section  32.  Six  specifications  use  Cooper's  specification.  "All  members  and  their  connections 
shall  be  designed  to  resist  each  kind  of  stress.  Both  of  the  stresses  shall,  however,  be  considered 
as  increased  by  0.8  of  the  least  of  Che  two  stresses."  One  Bp«:ification  increases  each  stress  by 
0.60  of  the  lessersCress,  onebyo.70,  and  two  by  0.75.  One  specification  uses  Weyrauch's  formula, 
P  "  5  I   I  — '■ 1  ,   where   P  —  allowable  unit  stress  for  alternate  stresses,   and  S 

■•  allowable  unit  stress  for  live  loads  alone. 

S26.  Net  Sections. — Section  36  is  standard.  In  addition  the  method  of  calculating  the 
net  area  of  a  riveted  tension  member  is  given  in  several  specifications. 

Cooper  requires  that  "  The  rupture  of  a  riveted  tension  member  is  to  be  considered  as  equally 
probable,  either  through  a  transverse  line  of  rivet  holesor  through  a  ligzag  line  of  rivet  holes,- where 
the  net  section  does  not  exceed  by  30  per  cent  the  net  section  along  a  transverse  line." 

The  Baltimore  &  Ohio  R.  R.  requires  that  "The  greatest  number  of  rivet  holes  that  can  be 
cut  by  a  transverse  pla^e,  or  come  within  one  inch  of  the  plane  is  to  be  deducted  in  calculating 
the  net  section." 

The  New  York  Central  Lines  require  that  "The  net  section  of  riveted  members  shall  be  the 
least  area  which  can  be  obtained  by  deducting  from  the  gross  sectional  area  the  areas  of  holes  cut 
by  any  plane  perpendicular  to  the  axis  of  the  member  and  parts  of  the  areas  of  other  holes  on  one 
side  of  the  plane,  within  a  distance  of  4  inches,  and  which  are  on  other  gage  lines  than  those  of  the 
holes  cut  by  the  plane,  the  parts  being  determined  by  the  formula:  ^  (l  —  p/^),  in  which  A  -=  the 
area  of  the  hole,  and  p  —  the  distance  in  inches  of  the  center  of  the  hole  from  the  plane." 

The  Canadian  Society  of  Civil  Engineers  requises  "There  shall  be  deducted  from  each  member 
as  many  rivets  as  there  are  g^ge  lines,  unless  the  distance  center  to  center  of  rivets  measured  in 
the  diagonal  direction  is  40  per  cent  greater  than  their  distance  center  to  center  of  gage  lines." 

529.  Plate  Girders. — Seven  of  the  sixteen  specifications  require  that  plate  eirders  be  pro- 
portioned either  by  the  moment  of  inertia  of  their  net  section;  or  by  assuming  that  the  flanffes 
are  concentrated  at  their  centers  of  gravity;  in  which  case  one-eighth  of  the  gross  section  of  the 
web,  if  properly  spliced,  may  be  used  as  flange  section.  Six  specifications  require  that  the  bending 
moment  all  be  taken  by  the  flanges.  Two  specifications  require  that  the  bending  moment  be 
taken  by  the  flanges  and  that  one-eighth  of  the  gross  section  of  the  web  be  taken  as  flange  area. 
One  specification  requires  that  plate  girders  with  stiffeners  be  designed  on  the  assumption  that 
the  flanges  take  all  the  bending  moment,  and  that  for  plate  girders  without  stiffeners  one-eighth  of 
the  web  may  be  considered  as  flange  area. 

530.  Compression  Flanges. — Two  specifications  require  that  the  flange  angles  shall  contain 
at  least  one-half  of  the  area  of  the  flange.  The  specifications  uniformly  require  that  the  com- 
pression flange  shall  have  the  same  gross  area  as  the  tension  flange. 

§36'  Counters.— Eight  specifications  require  that  counters  be  stiff  members.  Eight  speci- 
fications permit  adjustable  counters  and  laterals. 

845,  Minimum  Angles. — Five  specifications  give  3i"  X  3"  X  i"  as  the  minimum  angle. 
Two  specifications  give  3"  X  2§"  X  i"  as  the  minimum  angle.  One  specification  requires  that 
the  vertical  leg  be  not  less  than  3!".  Onespecificationrequircs  that  connection  angles  for  stringers 
and  floorbeams  be  not  less  than  4"  X  4  X  i";  one  specification  3!"  X  3!"  X  1",  and  one 
specification  6"  X  4"  X  |". 

iSQ.  Expansion. — Six  specifications  require  that  provision  be  made  for  an  expanuon  of  J  in. 
for  each  10  ft,  of  span.  Five  specifications  require  that  provision  be  made  for  a  range  in  tempera- 
ture of  150  degrees  F.;  one  for  180  degrees  F,  Three  specifications  require  that  provision  be 
made  for  an  expansion  of  i  in.  in  100  ft.;  one  for  an  expansion  of  i  in.  in  70  ft. 

%62.  Rollers. ^Six  specifications  require  that  rollers  be  at  least  6  in.  in  diameter.  Five 
specifications  jJermit  rollers  4  in.  in  diameter.  One  specification  permits  rollers  3  in.  in  diameter. 
Cooper  requires  that  rollers  for  spans  up  to  100  ft.  be  4!  in.,  and  that  the  diameter  be  increased 
I  in.  for  each  10  ft.  increase  in  span  over  100  ft.  The  New  York  Central  R.  R.  requires  that  rollers 
shall  not  have  a  less  diameter  in  inches  than  3  -j-  0.03  (span  in  feet). 

S68.  Strli^er  CoanectJon  Angles. — One  specification  requires  that  connection  angles  of 
stringers  and  floorbeams  be  not  less  than  4"  X  4"  X  (";  one  specification  3!"  X  3i"  X  i". 
and  one  specification  6"  X  4"  X  I". 

(77.  Camber  of  Plate  Girders. — Four  specifications  require  that  plate  girders  more  than 
50  ft.  long  be  cambered  A  m-  per  10  ft.  of  length.  Two  specifications  require  full  camber.  Two 
specifications  require  a  camber  of  tA,  the  span.  Two  specifications  require  a  camber  of  jAt  the 
span.  One  specification  requires  a  camber  of  1  in.  per  10  ft.  of  length,  one  specification  requires 
a  camber  of  A  "»■  per  >5  *t-  of  length.  Four  specifications  do  not  require  that  plate  girders  be 
cambered. 
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dfication  as  given  in  aection  79- 

lepth  of  girder.    The  Baltimore 

o  exceed  depth  of  girder  or  6  ft.,  and  that  for 

, , . ..  „.     . X  I"  angles;  for  webs  from  7  ft.  to  7  ft.  6  in,, 

Btiffeners  shall  be  5"  X  3i"  X  1"  angles;  for  webs  8  ft.  and  over,  stiffeners  shall  be  6"  X  4"  X  |" 
angles.  The  New  York  Central  Lines  require  that  stiffeners  be  spaced  not  to  exceed  depth  of 
girder  or  5  ft.  6  in.;  near  ends  of  girders  the  spadng  shall  not  exceed  one-half  the  depth  of  girder 
or  3  ft,  6  \n. 

The  New  York  Central  Lines  require  that  Btiffeners  sliall  have  an  outstanding  leg  not  leas 
than  3  inches  plus  ^  the  depth  of  the  girder. 

The  Chicago,  Milwaukee  &  St.  Paul  Ry.  requires  that  stiflcners  bearing  against  6"  X  6" 
daoge  angles  shall  be  5"  X  3i"  X  |";  and  against  8"  X  8  "flange  angles  shall  bee*'  X  3i"  X  I". 

J81.  Camber  of  Tmsaes. — Six  specifications  require  full  camber  as  stated  in  section  81.  Six 
specifications  require  that  the  upper  chords  be  increased  i  in.  for  each  10  ft.  One  specilication 
requires  that  the  upper  chord  be  increased  i  in.  for  each  15  ft.  Two  specifications  reauire  that 
trusses  be  cambered  yAs  ">«  ^pan.     One  specification  requires  that  trusses  be  cambered  -rin  the 


members.    The  Illinois  Central  R.  R.  retjuires  that  bridges  with  6  panels  1 

lower  chords.    The  New  York  Central  Lues  limit  the  specification  for  rigid  members  to  spans 

less  than  300  ft. 

{83.  Eys-lMTS. — Nine  specifications  permit  bars  to  be  out  of  line  i  in.  in  16  ft.  as  in  section  63. 
One  specification  permits  bars  to  be  out  of  line  i  in.  in  8  ft. 

HlscelUawnu-'The  following  specifications  are  of  Interest. 

InitUl  Streia. — Four  of  the  sixteen  specifications  require  that  diagonals  and  struts  be  designed 
for  an  initial  stress  of  10,000  lb.  in  each  diagonal. 

CoUiidon  Stmt — Two  of  the  sixteen  specifications  require  colliuon  struts. 

Fastening  An^es. — Two  specifications  require  that  angles  must  be  fastened  by  both  legs. 
Three  specifications  require  that  angles  be  fastened  by  both  legs  or  only  one  leg  will  be  considered 
effective.  One  specilication  requires  that  75  per  cent  of  the  net  area  be  considered  effective  where 
angles  are  fastened  by  one  leg,  and  90  per  cent  of  the  net  area  be  considered  effective  where  angles 
are  fastened  by  both  l^s. 

Cslcnlltiriy  D«ad  Load  Stresses. — One  specilication  requires  that  all  the  dead  load  be  con- 
sidered as  comii^  on  the  loaded  chord.  Two  specifications  require  that  three-fourths  of  the  dead 
load  be  considered  as  comii^  on  the  loaded  chord  ind  one-fourth  on  the  unloaded  chord.  Two 
specifications  require  that  two-thirds  of  the  dead  load  be  considered  as  coming  on  the  loaded  chord 
and  one-third  on  the  unloaded  chord.  Two  specifications  require  that  the  floor  load  shall  be 
assumed  as  taken  by  the  loaded  chord,  and  the  remainder  of  the  dead  load  to  be  divided  equally 
between  the  chords.     The  other  specificationB  do  not  state  where  the  dead  load  shall  be  applied. 

Mlnlmnm  Bar. — Three  specifications  require  that  the  minimum  bar  shall  have  not  less  than 
3  9q.  in.  cross  section.  One  specification  permits  a  minimum  bar  li  in.  square.  One  specification 
requires  that  an  increase  of  80  per  cent  in  the  live  load  shall  not  increase  the  stress  in  the  counters 
more  than  80  per  cent.     One  specification  has  a  similar  clause  with  ^0  per  cent  variation. 

Paint. — The  shop  coat  of  paint  as  required  by  several  specifications  is  as  follows: 

The  New  York  Central  Lines  use  red  lead  paint  mixed  by  the  following  formula: — lOO  lb. 
pure  red  lead;  4  gallons  pure  open-kettle-boiled  linseed  oil;  and  not  to  excwd  one-half  pint  of 
tuipentine-japan  drier. 

The  Boston  &  Maine  R.  R.  and  the  New  York.  New  Haven  &  Hartford  R.  R.  use  red  lead 
paint  made  by  mixing  32  lb.  of  red  lead  to  one  gallon  of  linseed  oil. 

The  A.  T.  &  S.  P.  Ry.  gives  steel  work  a  shop  coat  of  linseed  oil;  while  the  C.  R.  I.  &  P. 
R.  R.  uses  linseed  oil  with  10  per  cent  of  lamp  black. 

The  Illinois  Central  R.  R.  uses  red  lead  paint  for  a  shop  coat. 

The  Pennsylvania  Lines  West  of  Pittsburgh  use  a  shop  coat  of  pure  linseed  oil. 

The  Common  Standard  specifications  require  a  shop  coat  of  red  lead. 
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GENERAL  SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES.* 

American  Railway  Engineering  Asaodation. 

Fourth  Edition. 

STANDARD  SFECIFICATIONS. 

PART  FIRST— DESIGN. 

I.    GENERAL. 

1.  Materials. — The  material  in  the  superBtructure  shall  be  structural  steel,  except  rivets, 
and  as  may  be  otherwise  specified. 

2.  Cleaimnces. — When  alinement  is  on  tanKcnt,  clearances  shall  not  be  leas  than  shown  on 
thediagram;  the  height  of  rail  shall,  in  all  cases,  be  assumed  as  6  in.  The  width  shall  be  increased 
so  as  to  provide  the  same  minimum  clearances  on  curves  for  a  car  Soft,  long,  14  ft.  high,  and  60  ft. 
center  to  center  of  trucks,  allowance  being  made  for  curvature  and  superelevation  of  rails. 

3.  Spacing  Trusses. — The  width  center  to  center  of  girders  and  trusses 

shall  in  no  case  be  less  than  one-twentieth  of  the  effective  span,  nor  less  than  ^^ 

is  necessary  to  prevent  overtumins  under  the  assumed  lateral  loading.  t^*- 

4.  Skew  Bridges. — Ends  of  deck  plate  girders  and  track  stringers  of      «  f -^ — | — _ 

skew  bridges  at  abutments  shall  be  square  to  the  track,  unless  a  ballasted  §;     y'         j        | 

Hoor  is  used.  ^-/            j        ;  , 

5.  Floors. — Wooden  tie  floors  shall  be  secured  to  the  stringers  and  shall  [  !  ■ 
be  proportioned  to  carr^  the  maximum  wheel  load,  with  lOO  per  cent  impact,  j  ^  | 
distributed  over  three  ties,  with  fiber  stress  not  to  exceed  2,000  lb.  per  sq.  in.  tJj'       A' 

Ties  shall  not  be  less  than  10  ft.  in  length.     They  shall  be  spaced  with  not  ' -*i     {^ 

more  than  6-in.  openings;  and  shall  be  secured  against  bunchii^.  , 

II.    LOADS.  s  r-l    M-'^       : 

^!  \i  : 

6.  Dead  Load. — The  dead  load  shall  consist  of  the  estimated  weight  of      ^«     \!  , ^ 

Timber  shall  be  assumed  to  weigh  4}  lb.  per  So  oF\Pa1 

■u.  ft.,  reinforced  concrete  150  lb.  per  cu.  ft.,  "  or^»ii 

and  rails  and  tastenings,  iSO  lb.  per  linear  ft.  of  track. 

t?.  live  I.oad. — The  live  load,  for  each  track,  shall  consist  of  two  typical  eiwinea  followed 
by  a  uniform  load,  according  to  Cooper's  series,  or  a  system  of  loading  ^ving  practically  equivalent 
strains.  The  minimum  loading  to  be  Cooper's  £-40,  and  the  special  loading,  the  diagram  as 
shown  in  the  fotlowinB:  dii^rams,  that  which  gives  the  larger  strains  to  be  used. 

t8,  HeaTier  I.oading. — Heavier  loadings  shall  be  proportional  to  the  above  diagrams  on  the 


live  load  strains  and  shall  be  determined  by  the  formula  I  =  S 


300 

'      ~  L  +  zoo' 

where  /  =  impact  or  dynamic  increment  to  be  added  to  live-load  strains. 
S  ~  computed  maximum  live-load  strain. 

L  ™  loaded  length  of  track  in  feet  producing  the  maximum  strain  in  the  member.     For 
bridges  carrying  more  than  one  track,  the  a^^gate  length  of  all  tracks  producing 
the  strain  shall  be  used. 
Impact  shall  not  be  added  to  strains  produced  by  longitudinal,  centrifugal  and  lateral  or 
wind  forces. 

10.  Lateral  Forces. — All  spans  shall  be  designed  for  a  lateral  force  on  the  loaded  chord  oi 
300  lb.  per  linear  foot  plus  10  per  cent  of  the  specified  train  load  on  one  track,  and  3O0  lb.  per 
linear  foot  on  the  unloaded  chord;  these  forces  being  considered  as  moving. 
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II.  Wind  FMce. — Viaduct  towers  shall  be  designed  (or  a  (orce  of  50  lb.  per  sq.  ft.  on  one 
and  onc-baU  times  the  vertical  projection  of  the  structure  unloaded;  or  30  lb.  per  sq.  ft.  on  the 
same  surface  plus  400  lb.  per  linear  ft.  of  structure  applied  7  ft.  above  the  rail  (or  assumed  wind 
force  on  train  when  the  structure  is  either  fully  loaded  or  loaded  on  either  track  with  empty  can 
assumed  to  weigh  I,aoo  lb.  per  linear  ft.,  whichever  gives  the  larger  strain. 


i   |S||    lili   i    ilii    §§§§     rr..u.j 
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-Viaduct  towers  and  similar  structures  shall  be  designed  for  a 
per  cent  of  the  live  load  applied  at  the  top  of  the  rail. 

13.  Structures  located  on  curves  shall  be  designed  for  the  centrifugal  force  of  the  live  load 
applied  at  the  top  of  the  high  rail.  The  centrifugal  force  shall  be  considered  as  live  load  and  be 
derived  from  the  speed  in  miles  per  hour  given  by  the  expression  60  —  3\D,  where  "T>"  —  degree 
of  curve. 

111.    UNIT  STRESSES  AND  PROPORTION  OF  PARTS. 

14.  Vidt  StresiM. — AH  parts  of  structures  shall  be  so  proportioned  that  the  sum  of  the  maxi- 
mum stresses  produced  by  the  foregoing  loads  shall  not  exceed  the  following  amounts  in  pounds 
per  sq.  in.,  except  as  modified  in  par^n^phs  33  to  35: 

15.  Tendon. — Axial  tenuon  on  net  section 16,000 

16.  Compreuion. — Axial  compresnon  on  gross  section  of  columns 16,000  —  70  — 

with  a  maximum  of 14,000 

where  "I"  is  the  length  of  the  member  in  inches,  and  "r"  is  the  least  radius  of 

gyration  in  inches. 
Direct  compression  on  steel  castings 16,000 

17.  Bending. — Bending:  on  extreme  libers  of  rolled  shapes,  built  sections, 

girders  and  steel  castings;  net  section l6,000 

on  extreme  Rbers  of  pins 14,000 

18.  Shearing. — Shearing;  shop  driven  rivets  and  pins 13,000 

field  driven  rivets  and  turned  bolts : 10,000 

plate  girder  webs;  gross  section 10,000 

iQ.  Bearing. — -Bearing:  shop  driven  rivets  and  pins 34,000 

field  driven  rivets  and  turned  bolts ao.ooo 

expansion  rollers;  per  linear  inch 6ood 

where  "d"  is  the  diameter  of  the  roller  in  inches. 

on  masonry 600 

30.  LtmlHng  I«ngtii  tA  HemberB. — The  lengths  of  main  compression  members  shall  not 
exceed  100  times  their  least  radius  of  gyration,  and  those  for  wind  and  sway  bracing  i30  times 
their  least  radius  of  gyration. 

ai.  The  lengths  of  riveted  tension  members  in  horizontal  or  inclined  positions  shall  not 
exceed  300  times  their  radius  of  gyration  about  the  horiiontal  axis.  The  horizontal  projection 
of  the  unsupported  portion  of  the  member  is  to  be  considered  as  the  effective  length. 

32.  Alt^nate  StreBses. — Members  subject  to  alternate  stresses  of  tension  and  compresdon 
shall  be  [jroportioned  for  the  stresses  giving  the  lar^;est  section.  If  the  alternate  stresses -occur 
in  siKxession  during  the  pas^e  of  one  train,  as  in  s'lfF  counters,  each  stress  shall  be  increased  by 
50  per  cent  of  the  smaller,    llie  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 

23.  Wherever  the  live  and  dead  load  stresses  are  of  opposite  character,  only  two-thirds  of  the 
dead  load  stresses  shall  be  considered  as  effective  in  counteracting  the  live  load  stress. 

34.  Combined  Stresses. — Members  subject  to  both  axial  and  bending  stresses  shall  be  pro- 
portioned so  that  the  combined  fiber  stresses  will  not  exceed  the  allowed  axial  stress, 

2§.  For  stresses  produced  by  longitudinal  and  lateral  or  wind  forces  combined  with  those 
from  live  and  dead  loads  and  centrifugal  force,  the  unit  stress  may  be  increased  25  per  cent  over 

16  DiL;Hzo..,'Ct)t)^^L 
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a  sluU  not  be  leas  than  required  for  live  and  dead  loads  and 


lose  give 


— "ifugal  force. 

36.  Net  Section  at  Riveta. — In  proportioning  tension  members  the  diameter  of  the  rivet  holes 
shall  be  talcen  t-in.  larger  tttaa  the  nominal  diameter  of  the  rivet. 

37.  Rivets. — In  proportionins  rivets  the  nominal  diameter  of  the  rivet  shall  be  used. 

38.  Net  Section  at  Pins. — Pin-cohnected  riveted  tension  members  shall  have  a  net  section 
through  the  pin-hole  at  least  35  per  cent  in  excess  of  the  net  section  of  the  body  of  the  member, 
and  the  net  section  back  of  the  pin-hole,  parallel  with  the  axis  of  the  member,  shall  be  not  less  than 
the  net  section  of  the  body  of  the  member. 

39.  Plate  Glrdera. — Plate  girders  shall  be  proportioned  either  by  the  n 
their  net  section;  or  by  assuming  that  the  flanges  are  concentrated  at  their  centers  of  gravity; 
in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  used  as  flange 
section.  The  thickness  of  web  plates  shall  be  not  leas  than  jij  of  the  unsupported  distance 
between  flange  angles  (see  38). 

30,  Compression  Flange. — The  gross  section  of  the  compression  flanges  of  plate  girders  shall 
not  be  less  than  the  gross  section  of  the  tension  flanges;  nor  shall  the  stress  per  sq.  in.  '       ' 
compression  flange  of  any  beam  or  girder  eicceed   t6,ooo  —  300  jr .  when  flange  consists  of 


only  or  if  cover  consists  of  flat  plates,  or  16,000  —  'SOti  if  cover  consists  of  a  channel  section, 
where  I  ^  unsupported  distance  and  b  •=  width  of  flange. 

31.  Flange  RivetS-^The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  sufficient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a.  distance  equal  to  the  effective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flange.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three  . 

33.  Depth  Ratios. — Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the 
span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall  preferably  have  a  depth  of  not  less 
than  one-twelfth  of  the  span.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall 
be  increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios  ; 
had  not  been  exceeded.  j 

IV.     DETAILS  OF  DESIGN. 

GENERAL  REQtnSEHEKTS. 

33.  Open  Sectioiis.—St  met  urea  shall  be  so  designed  that  all  parts  will  be  accessible  for 
inspection,  cleaning  and  painting. 

34.  Pockets. — 'Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes,  or  be  ' 
filled  with  waterproof  material.  '  I 

35.  Symmetrical  Sections. — Main  members  shall  be  so  designed  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  point.  | 

36.  Counters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 

Ereferably  have  riveted  connections  to  the  chords.  Adjustable  counters  shall  have  open  turn-  : 
uckles.  I 

37.  Strength  of  Comiecdons. — The  strength  of  connections  shall  be  suffldent  to  develop  the  ', 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  which  1 
the  member  is  subjected  being  considered. 

38.  Minimum  Thickness. — The  minimum  thickness  of  metal  shall  be  J-in.,  except  for 

39.  Pitch  of  Rivets. — The  minimum  distance  between  centers  of  rivet  holes  shall  be  throe  I 
diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  in.  for  i-in.  rivets  and 
3)  in.  tor  1-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for  members  composed  of  plates 
and  shapes  shall  be  6  in.  for  }-in.  rivets  and  5  in.  for  i-in.  rivets.  For  angles  with  two  gage  lines 
and  rivets  stasgered  the  maximum  shall  be  twice  the  above  in  each  line.     Where  two  or  more 

elates  are  used  in  contact,  rivets  not  more  than  I3  in.  apart  in  cither  direction  shall  be  used  to 
old  the  plates  well  together.  In  tension  membcrsi  composed  of  two  angles  in  contact,  a  pitch 
of  12  in.  will  be  allowed  for  rivetine  the  angles  together. 

40.  Edge  Distance. — The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  i}  in.  for  I-in.  rivets  and  1}  in.  for  I-in.  rivets,  and  to  a  rolled  edge  il  in.  and  i}  in., 
respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times  the  thickness  of  the- 
plate,  but  shall  not  exceed  6  in. 
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any  am:lc  carryinK  calc 

.,_ „ ,  ^r  parts  i-in. 

nvvts  may  be  used  in  3-in.  angles,  and  i-in.  rivets  in  ai-in.  angles. 

42.  Long  Hivets. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
shall  be  increased  in  number  at  least  one  per  cent  for  each  additional  iV-in.  of  grip. 

43.  IHtcb  at  Ends. — The  pitch  of  rivets  at  the  ends  of  built  corapresHion  memberB  shall  not 
exceed  tour  diameters  of  the  rivets,  tor  a  length  equal  to  one  and  one-half  times  the  maximum 
width  of  member. 

44.  Cooqiressian  Hembera. — In  compression  members  the  metal  shall  be  concentrated  as 
much  as  possible  in  webs  and  flanges.  The  thickness  of  each  web  shall  be  not  less  than  one- 
thirtieth  of  the  distance  between  its  connections  to  the  flanges.  Cover  plates  shall  have  a  thickness 
not  less  than  one-fortieth  of  the  distance  between  rivet  lines. 

45.  Hinimnm  Anglos. — Flanges  of  girders  and  built  members  without  cover  plates  shall  have 
a  minimum  thickness  of  one-twelfth  of  the  width  of  the  outstanding  leg. 

46.  Tift-PlAtss. — The  open  sides  of  compression  members  shall  be  provided  with  lattice  and 
shall  have  tie-plates  as  near  each  end  as  practicable.  Tic-plates  shall  be  provided  at  intermediate 
points  where  the  lattice  is  interrupted.  In  main  members  the  end  tie-plates  shall  have  a  lei^h 
not  less  than  the  distance  between  the  lines  of  rivets  connecting  them  to  the  flanges,  and  inter- 
mediate ones  not  less  than  one-half  this  distance.  Their  thickness  shall  not  be  less  than  one- 
liftieth  of  the  same  distance. 

47.  Lattice. — The  latticing  of  compression  members  shall  be  proportioned  to  resist  the 
shearing  stresses  corresponding  to  the  allowance  for  flexure  for  uniform  load  provided  in  the 
column  formula  in  paragraph  16  by  the  term  70  -  .  The  minimum  width  of  lattice  bars  shall  be 
li  in.  for  }-in.  rivets,  3}-  in.  for  }-in.  rivets,  and  2  in.  if  )-in.  rivets  are  used.  The  thickness  shall 
not  be  leas  than  one-fortieth  of  the  distance  between  end  rivets  for  single  lattice,  and  one-sixtieth 
ior  double  lattice.     Shapes  of  equivalent  strength  may  be  used. 

48.  Three-fourths-inch  rivets  shall  be  us<^  for  latticing  flai^es  less  than  2}  in.  wide,  and 
i-in.  tor  flanges  from  z}  to  3}  in.  wide;  f-in.  rivets  shall  be  used  in  flanges  3!  in.  and  over,  and 
lattice  bars  with  at  least  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 

49.  The  inclination  of  lattice  bars  with  the  axis  of  the  member  shall  be  not  less  than  ^5  degrees, 
and  when  the  distance  between  rivet  lines  in  the  flanges  is  more  than  15  in.,  il  single  nvet  bar  is 
used,  the  lattice  shall  be  double  and  riveted  at  the  intersection. 

50.  Lattice  bars  shall  be  so  spaced  that  the  portion  of  the  flange  included  between  their 
connections  shall  be  as  strong  as  the  member  as  a  whole. 

51.  Faced  Joints. — Abutting  joints  in  compression  members  when  faced  for  bearing  shall  be 
spliced  on  four  sides  sufficiently  to  hold  the  connectin;g  members  accurately  in  place.  All  other 
joints  in  riveted  work,  whether  in  tension  or  compression,  shall  be  fully  spliced. 

52.  Hn  Plates. — Kn-holes  shall  be  reinforced  by  plates  where  necessary,  and  at  least  one 
plate  shall  beas  wide  as  the  flanges  will  allow  and  be  on  the  same  side  as  the  angles.  They  shall 
contain  sufficient  rivets  to  distribute  their  portion  of  the  pin  pressure  to  the  full  cross-section  of 
the  member. 

53.  Fctrked  Enda. — Forked  ends  on  compression  members  will  be  permitted  only  where 
unavoidable:  where  used,  a  suflicicnt  number  of  pin  plates  shall  be  provided  to  make  the  jaws  of 
twice  the  sectional  area  of  the  member.  At  least  one  of  these  plates  shall  extend  to  the  far  edge 
of  the  farthest  tie-plate,  and  the  balance  to  the  far  edge  of  the  nearest  tie-plate,  but  not  less  than 
5  in.  beyond  the  near  edge  of  the  farthest  plate. 

54.  Pins.— Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts  connected 
upon  the  turned  body  of  the  pin.  They  shall  be  secured  by  chambered  nuts  or  be  provided  with 
washers  if  solid  nuts  are  used.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
threads. 

55.  Members  packed  on  pins  shall  be  held  against  lateral  movement. 

56.  Bolts. — Where  members  are  connected  by  bolts,  the  turned  body  of  these  bolts  shall  be 
long  enough  to  extend  through  the  metal.  A  washer  at  least  1-in.  thick  shall  be  used  under  the 
nut.  Bolts  shall  not  be  used  in  place  of  rivets  except  by  special  permission.  Heads  and  nuts 
shall  be  hexagonal. 

57.  Indirect  Spllce».— Where  splice  plates  are  not  in  direct  contact  with  the  parts  which 
they  connect,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
required  to  the  extent  of  one-third  of  the  number  for  each  intervening  plate. 

58.  Fillers. — Rivets  carrying  3trcs.i  and  passing  through  fillers  shall  be  increased  50  per  cent 
in  number;  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  member. 

59-  Ezptnslon. — Provision  for  expansion  to  the  extent  of  J-in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.  Efficient  means  shall  be  provided  to  prevent  excessive  motion  at  any 
one  point. 
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60.  Ez{MUiBlon  BuringB. — Spans  of  So  ft.  and  over  restii^  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end;  and  those  of  leas  length  shall  be  arranged  to  slide  on  smooth  surfaces. 
These  expansion  bearings  shall  be  designed  to  permit  motion  in  one  direction  only. 

61.  Fixed  Bearines. — Fixed  bearings  shall  be  lirmly  anchored  to  Che  masonry, 

63.  Rollers. — Expansion  rollers  shall  be  not  less  than  6  in.  in  diameter.  They  shall  be 
coupled  together  with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be 
readily  cleaned.     Segmental  rollers  shall  be  geared  to  the  upper  and  lower  plates. 

63.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing.     Spans  of  80  ft.  or  over  shall  have  hinged  bolsters  at  each  end. 

64.  Wall  Plates. — Wall  plates  may  be  cast  or  built  up;  and  shall  be  so  designed  as  to  distribuie 
the  load  uniformly  over  the  entire  bearing.     They  shall  be  secured  against  displacement. 

65.  AnchoiagB. — Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  long  enough 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  tjmes  the  uplift. 

^.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  liave  the  soie 
plates  beveled  so  that  the  masonry  and  expansion  surfaces  may  be  level. 

FLOOK  SVSTEUS. 

67.  Floorbeams. — Floorbeams  shall  preferably  be  square  to  the  trusses  or  Orders.  The;- 
shall  be  riveted  directly  to  the  girders  or  trusses  or  may  be  placed  on  top  of  deck  bridges. 

68.  Striag;ers. — Stringers  shall  preferably  be  riveted  to  the  webs  of  all  intermediate  floorbeams 
by  means  of  connection  angles  not  less  than  1-in.  in  thickness.  ShelF  angles  or  other  supports 
provided  to  support  the  stnnger  during  erection  shall  not  be  considered  as  carrying  any  of  the 


69.  Stringer  FnunM. — Where  end  floorbeams  cannot  be  used,  stringers  resting  on  masonr)- 
shall  have  cross  frames  near  their  ends.  These  frames  shall  be  riveted  to  girders  or  truss  shoe; 
where  practicable. 

BRACING. 

70.  Rigid  Bradng. — Lateral,  loi^tudinal  and  transverse  btacing  in  all  structures  shall  be 

composed  of  rigid  members. 


.  Portals. — Through  truss  spans  shall  have  riveted  portal  braces  rigidly  connected  to  the 
ena  posts  and  top  chorda.     They  shall  be  as  deep  as  the  clearance  will  allow. 

72.  rnuuvBrse  Bradng. — Intermediate  transverse  frames  shaU  be  used  at  each  panel  of 
through  spans  having  vertical  truss  members  where  the  clearance  will  permit. 

73.  End  BrBcing.-~Declc  spans  shall  have  transverse  bracing  at  each  ei 


1  BrBcing.-~Declc  spans  shall  have  transverse  bracing  at  each  end  proportioned  to 
cany  the  lateral  load  to  the  support. 

74.  Laterals. — The  minimum  sized  angle  to  be  used  in  lateral  bracing  shall  be  3}  by  3  by  1-in. 
Not  less  than  three  rivets  through  the  end  of  the  angles  shall  be  used  at  the  connection. 

75.  Lateral  bracing  shall  be  far  enough  below  the  flange  to  clear  the  ties. 

76.  Tower  Struts. — The  struts  at  the  foot  of  viaduct  towers  shall  be  stroi^  enoi^h  to  slide 
the  movable  shoes  when  the  track  is  unloaded. 


77.  Ctmber. — If  desired,  plate  girder  spans  over  50  ft.  in  length  shall  be  built  with  camber  at 
a  rate  of  ^-<n.  per  10  ft.  of  length. 

78.  Top  Flange  Cover. — where  flange  plates  are  used,  one  cover  plate  of  top  flange  shall 
extend  the  whole  length  of  the  girder. 

79.  Web  Stlfleners.— There  shall  be  web  stiffeners,  generally  in  pairs,  over  bearir^,  at  pcnnts 
of  conccntra.ted  loading,  and  at  other  points  where  the  thickness  of  the  web  is  less  than  ^y  of  the 
unsupported  distance  between  flange  angles.  The  distance  between  stilfencrs  shall  not  exceed 
that  given  by  the  following  formula,  with  a  maximum  limit  of  six  feet  (and  not  greater  than  the 
clear  depth  of  the  web): 

rf  =  -  C12.000  -  1). 

Where  d  •=•  clear  distance,  between  stiffeners  of  flange  angles, 

(  =■  thickness  of  web.  , 

1  =  shear  per  sq.  in. 

The  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  proportioned  by  the  formula 
of  paragraph  16,  the  effective  length  being  assumed  as  one-half  the  depth  of  girders.  End  stiffeners 
and  those  under  concentrated  loads  shall  be  on  fillers  and  have  their  outstanding  legs  as  wide  as 
the  fiange  angles  will  allow  and  shall  lit  tightly  against  them.     Intermediate  stiffenera  may  be  . 
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inding  iega  shall  be  not  lees  than  one'thirtieth  of  the  depth  of 


oRset  or  on  fillerB,  and  their  ou 
girder  plus  3  in. 

So.  SUys  for  Top  Flanges 
each  end  of  every  floorbeam,  oi 
braces  or  gusset  plates. 


8l.  Camber. — Truss  spans  •hall  be  given  a  camber  by  so  proportioning  the  leI^th  of  the 
tnemb««  that  the  stringers  will  be  straight  when  the  bridge  is  fully  loaded. 

8a.  Rigid  Msmbcffs. — Hip  verticals  and  similar  members,  and  the  two  end  panels  of  the 
bottom  chords  of  single  track  pin-connected  trusses  shall  be  rigid. 

83.  Eje-bara. — The  eye-bars  composing  a  member  shall  be  so  arranged  that  adjacent  bars 
shall  not  have  their  surfaces  in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as 
possible,  the  maximum  incUnation  of  any  bar  being  limited  to  one  inch  in  16  ft. 

84.  Ponv  Trusses. — Pony  trusses  shall  be  riveted  structures,  with  double  webbed  chords,  and 
shall  luve  all  web  members  latticed  or  otherwise  effectively  stiffened. 


PART  SECOND— MATERIALS  AND  WORKMANSHIP. 


V.    MATERIAL. 

85.  Steel. — Steel  shall  be  made  by  the  open-hearth  process. 

86.  PropertisB. — The  chemical  and  physical  properties  shall  conform  to  the  following  limits: 


Elemeota  Coaddered. 

Rivet  Sted. 

SwdCaMiM.. 

Phcpho™.,  «„.,  {5S':;-.: 

0.04  per  cent 
□.06  per  cent 
0.05  per  cent 

0.04  per  cent 
0.04  per  cent 
0.04  per  cent 

0.0s  per  cent 
0,08  per  cent 
O.os  per  cent 

Ultimate  tensile  strength. 
Pounds  per  square  inch.  ...... 

Elong.,min.%>8",Fig.  i{ 

Elong.,  min.  %,  in  i".  Fig.  i. . 

Character  of  Fracture 

Cold  Bendi  without  Fracture. 

Desired. 
60,000 

I,S0O.00O" 

Desired. 

50,000 

1,500,000 

Not  less  than 

65,000 

15  per  cent 
(  Silky  or  fine 
I    granular 

90"  J  -  31 

Ult.  tensile  strength 

Silky 
180°  flatf 

Ult.  tensile  strength 

Silky 
160°  flatt 

...     - - - . , ...-,   t  the 

requirements  of  paragra.ph  163.  the  ultimate  strength  if 
the  manufacturers;  all  other  tests  than  those  for  ultima 
requirements. 

88.  Allowable  Variations. — If  the  ultimate  strength  varies  more  than  4,000  lb.  from  that 
de^red,  a  retest  shall  be  made  on  the  same  gage,  which,  to  be  acceptable,  shall  be  within  5,000  lb. 
of  the  desired  ultimate. 

89.  Chemical  Analyses.— Chemical  determinations  of  the  percentages  of  carbon,  phosphorus, 
sulphur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the 
time  of  the  pouring  of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished 
to  the  engineer  or  his  inspector.  Check  analyses  shall  be  made  from  finished  material,  if  called 
for  hy  the  purchaser,  in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
permitted. 

90.  SpedmeoB. — Plate,  shape  and  bar  specimens  for  tensile  and  bendii^  tests  shall  be  made 
hy  cutting  coupons  from  the  firushed  product,  which  shall  have  both  faces  rolled  and  both  edges 
milled  to  the  form  shown  by  Fig.  1 ;  or  with  both  edges  parallel;  or  they  may  be  turned  to  a  diameter 
of  I-in.  for  a  length  of  at  least  9  in.,  with  cnlar^d  ends. 

91.  Rivet  rods  shall  be  tested  as  rolled. 


•  See  paragraph  9 


t  Sec  paragraphs  97,  98,  and  99.         X  See  paragraph 


!raph  loa  . 
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93.  Pin  and  roller  apedmenB  ahall  be  cut  from  the  finished  rolled  or  tareed  bar,  in  such  mauix. 
that  the  center  of  the  specimen  shall  be  one  inch  from  the  surface  of  the  bar.     The  apeciinen  for 


The  specimen  for  bending  t« 


:  shall  be 


tenule  test  shall  be  turned  to  the  form  shown  by  F^.  3 
one  inch  by  )-in.  in  section. 

93,  For  steel  castings  the  number  of  tests  will  depend  on  the  character  and  importaoce  d 
the  castings.     Specimens  shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of  o 
or  more  castines  from  each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient  mze.     T 
coupon  or  sink  Bead,  so  used,  shall  be  annealed  with  the  castii^  before  it  is  cut  off.     Test  specimens 
to  be  of  the  form  prescribed  for  pins  and  rollers. 
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94.  Spedmens  of  Rolled  SteeL — Rolled  steel  shall  be  tested  in  the  condition  in  which  it 
comes  from  the  rolls. 

95.  Number  of  Teats. — At  least  one  tensile  and  one  bending  test  shall  be  made  from  each 
melt  ot  stee!  as  rolled.  In  case  steel  differing  J-in.  and  more  in  thickness  is  rolled  from  one  melt, 
a  test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

96.  Hodification  in  Elongation. — A  deiluction  of  i  per  cent  will  be  allowed  from  the  specified 
percentage  for  elongation,  for  each  J-in.  in  thickness  above  J-in. 

97.  Bending  Teats. — Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes 
and  bars  less  than  one  inch  thick  shall  bend  as  called  for  in  paragraph  86. 

98.  Thick  Material.^Full-sized  materia!  for  eye-bars  and  other  steel  one  inch  thick  and 
over,  tested  as  rolled,  shall  bend  cold  iSo  degrees  around  a  pin,  the  diameter  of  which  is  equal  to 
twice  the  thickness  of  the  bar,  without  fracture  on  the  outside  of  bend. 

99.  Bending  Angles. — Angles  l-in.  and  less  in  thickness  shall  open  flat,  and  angles  }-in.  and 
less  in  thickness  shall  bend  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.  This 
test  shall  be  made  only  when  required  by  the  inspector. 

100.  Nicked  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
as  the  rivet  rod,  shall  give  a  gradual  break  and  a  fine  silky  uniform  fracture. 

loi.  Finish.^ — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges  or  other  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish.  Plates  36  in.  in 
width  and  under  shall  have  rolled  edges. 

102.  Helt  Numbere.^ — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the 
name  of  the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins  and  rollers  shall  be  stamped 
on  the  end.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marks 
on  an  attached  metal  tag. 

103.  Defective  Material. — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  spots,  brittieness,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defects,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer  at 

104.  VaiUdon  In  Wel^t — A  variation  in  cross-section  or  weight  of  each  piece  of  steel  of 
more  than  zj  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in  case  of 
sheared  plates,  which  will  be  covered  by  the  following  permissible  variations,  which  are  to  apply 
to  single  plates,  when  ordered  to  weight: 

105.  Plates  12)  lb.  per  sq.  ft.  or  heavier; 

(a)   I'p  to  100  in.  wide,  aj  per  cent  above  or  below  the  prescribed  w«ght. 
(h)  One  hundred  inches  wide  and  over,  5  per  cent  above  or  below,  , 
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...       ,  _  ...  above  or  below. 

(b)  Seventy-live  inches  and  up  to  loo  in.  wide,  5  per  cent  above  or  3  per  cent  below. 

(c)  One  hundred  inches  wide  and  over,  10  per  cent  above  or  3  per  cent  below. 

107.  Plates  when  ordered  to  gage  will  be  accepted  ii  they  measure  not  more  than  0.01  in. 
below  the  ordered  thicluiess. 

loS.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  on  the  order,  will 
be  allowed  for  each  plate,  if  not  more  than  that  shown  in  the  followiog  table,  one  cu.  in.  of  rolled 
steel  being  assumed  to  weigh  0.3S33  Ib.i 


ThkkiMM 
Onteed. 

Nominal 
Wdgbu. 

Width  of  Plate.                                                 | 

Up  to  7S". 

«"S.-" 

.00- ^..p„ 

0«r  iij". 

,         Ijj^Jj 

10.10  lb. 

ia.7S   " 

IS  30 

17.8S   " 
1040  " 
M.9S  " 
*S-SO 

■1  >".?"• 

It  " 

14  per  cent 
11 

18  per  cent 
16 

I  '" 

S 

61     " 

Over  t 

17  per  cent 
IJ 

9 

10^.  Cast-iron. — Except  where  chilled  ii 
iron,  with  sulphur  not  over  0.10  percent.  They  shall  be  true  to  pattern,  0 
flaws  and  excesMve  shrinkage.  If  tests  are  demanded,  they  shall  be  made  on  the  "Arbitration 
Bar"  of  the  American  Society  (or  Testing  Materials,  which  is  a  round  bar  i^  in.  in  diameter  and 
15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  length  of  13  in.  with  load  at  middle. 
The  minimum  breaking  load  so  applied  shall  be  3,900  lb.,  with  a  deflection  of  at  least  •fn  in.  before 
rupture. 

110.  Wronght-Iron.— Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
character.  It  shall  lie  thoroughly  welded  in  rolling  and  be  free  from  surface  defects.  When  tested 
in  specimens  of  the  form  of  Fig.  1,  or  in  fuU-siied  piecesof  the  same  length,  it  shall  show  an  ultimate 
strength  of  at  least  go,ooo  lb.  per  sq,  in.,  an  elongation  of  at  least  iS  per  cent  in  8  in.,  with  fracture 
wholly  libraus.  Specimens  shall  bend  cold,  with  the  fiber,  through  135  degrees,  without  sign  of 
fracture,  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece  tested. 
When  lucked  and  bent,  the  fracture  shall  show  at  least  90  per  cent  6brous. 

VI.     INSPECTION  AND  TESTING  AT  THE  MILLS. 

111.  Uin  Orders. — Tlie  purchaser  shall  be  furnished  complete  copies  of  mill  orders,  and  no 
material  shall  be  rolled  nor  work  done  before  the  purchaser  has  been  notified  where  the  orders  have 
been  placed,  so  that  he  may  arrai^e  for  the  inspection. 

1 11.  FaclUtiM  for  Inspecdon.^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured.  He  shall 
furnish  3  suitable  testing  machine  for  testing  the  specimens  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

113.  Acceu  to  Hills. — When  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  mills  where  material  to  be  inspected 
by  him  is  being  manufactured. 

VII.    WORKMANSHIP. 

[14.  GeneraL — All  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modern  bridge  works. 
Material  arriving  from  the  mills  shall  be  protected  from  the  weather  and  shall  have  clean  surfaces 
before  being  worked  in  the  shops. 

ii5-_  Stnd|hteiiliig. — Material  shall  be  thoroughly  straightened  in  the  shop,  by  methods  that 
will  not  injure  it,  before  being  laid  off  or  worked  in  any  way. 

116.  Finlah. — Shearing  and  chipping  shall  be  neatly  and  ai 
the  work  exposed  to  view  neatly  finiahecT  ' 

117.  SiiB  of  Btvets. — The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  size  of  the  cold  rivet  before  heating. 


rately  done  and  all  portio: 
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Ii8.  Rivot  Holes. — When  general  reaming  is  not  required,  the  diameter  of  the  punch  shall 
not  be  more  than  A-in-  greater  than  the  diameter  of  the  rivet;  nor  the  diameter  of  the  die  more 
than  i-ia.  greater  than  the  diameter  of  the  punch.  Material  more  than  i-in.  thick  shall  be 
sub-punched  and  reamed  or  drilled  from  the  solid. 

119.  Punchiux. — Punching  shall  be  accurately  done.  Drifting  to  enlarse  unfair  holes  will 
not  be  allowed.  If  the  holes  must  be  enlarged  to  admit  the  rivet,  they  shall  be  reamed.  Poor 
matching  of  holes  will  be  cause  for  rejection. 

130.  R«uniiig. — Where  aub-punchii^  and  reaming  are  required,  the  punch  used  shall  have  a    I 
diameter  not  less  than  ^in.  smaller  than  the  nominal  diameter  of  the  rivet.     Holes  shall  then  be 
reamed  to  a  diameter  not  more  than  A-i"-  larger  than  the  nominal  diameter  of  the  rivet.      (See    ! 
»35-) 

131.  Reaiiiiii|[  after  Assembling.* — [When  general  reaming  is  required  it  shall  be  done  after    I 
the  pieces  forming  one  built  member  are  assembled  and  so  firmly  bolted  together  that  the  surfaces 
shall  be  in  close  contact.     If  necessary  to  take  the  pieces  apart  for  shipping  and  handling,  the 
respective  pieces  reamed  together  shall  be  so  marked  that  they  may  be  reassembled  in  the  same 
position  in  the  final  setting  up.     No  interchange  of  reamed  parts  will  be  permitted.) 

IZ2.  Reaming  shall  be  done  with  twist  drills  and  without  using  any  lubricant. 
123.  The  outside  burrs  on  reamed  holes  shall  be  removed  to  the  extent  of  making  a  ■A'io. 
fillet. 

134.  Assembling.— Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts,  before  riveting  is  commenced.     Contact  surfaces  to  be  painted.     (See  152.) 

133.  Lattice  Bars. — Lattice  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

136.  Web  Sti&eners. — Stifieners  shall  fit  neatly  between  flanges  of  girders.  Where  tight 
fits  are  called  for,  the  ends  of  the  stiffeners  shall  be  faced  and  shall  oe  brought  to  a  true  contact 
bearing  with  the  flange  angles. 

137.  Splice  Plate  and  Fillers. — Web  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
fit  within  i-in.  of  flange  angles. 

135.  Web  Plates. — Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
the  backs  of  angles  or  project  above  the  same  not  more  than  t-in.,  unless  otherwise  called  for. 
When  webplates  are  spliced,  not  more  than  i-in.  clearance  between  ends  of  plates  will  be  allowed. 

139.  Floorbeams  and  Stringers. — The  main  sections  of  floorbeams  and  stringers  shall  be 
milled  to  exact  length  after  riveting  and  the  connection  angles  accurately  set  flush  and  true  to 
the  milled  ends  t[or  if  required  by  the  purchaser  the  milling  shall  be  done  after  the  connection 
angles  are  riveted  in  place,  milling  to  extend  over  the  entire  face  of  the  member].  The  removal 
of  more  than  A-in-  from  the  thickness  of  the  connection  angles  will  be  cause  for  rejection. 

130.  Riveting. — Rivets  shall  be  uniformly  heated  to  a  %ht  cherry  red  heat  in  a  gas  or  oil 
furnace  so  constructed  that  it  can  be  adjusted  to  the  proper  temperature.  They  shall  be  driven 
by_  pressure  tools  wherever  possible.  Pneumatic  hammers  shall  be  used  in  preference  to  hand 
driving. 

131.  Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and  of  equal 
site.  They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupping  and 
calking  will  not  be  allowed.  Loose,  burned  or  otherwise  detective  rivets  shall  be  cut  out  and 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
necessary,  they  shall  be  drilled  out. 

132.  Turned  Bolts. — Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  shall  make  a  driving  fit  with  the  threads  entirety 
outside  of  the  holes.     A  washer  not  less  than  J-in.  thick  shall  be  used  under  nut. 

133.  Members  to  be  Straight. — The  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  members  shall  be  tree  from  twists,  bends  or  open  joints. 

134.  Finish  of  Joints.— Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints,  depending  on  contact 
bearing,  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

135.  Field  Connections.— Holes  for  floorbeam  and  stringer  connections  shall  be  sub-punched 
and  reamed  according  to  paragraph  120,  to  a  steel  templet  not  less  than  one  inch  thick.  t[If 
required,  all  other  field  connections,  except  those  for  laterals  and  sway  bracing,  shall  be  assembled 
in  the  shop  and  the  unfair  holes  reamed;  and  when  so  reamed  the  pieces  shall  be  match-marked 
before  being  taken  apart.) 

136.  Eye-Bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  tree  from  twists, 
folds  m  the  neck  or  head,  or  any  other  detect.  Heads  shall  be  made  by  upsetting,  rolling  or 
foi^ng.     Welding  will  not  be  allowed.     The  form  of  heads  will  be  determmed  by  the  dies  in  use 

'  See  Addendum,  clause  (d), 
t  See  Addendum,  clause  (f). 
i  See  Addendum,  clause  (e). 
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at  the  works  where  the  eye-ban  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer 
shall  guarantee  the  bars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head 
and  neck  shall  not  vary  more  than  -ft-ia.  from  that  specified.     (See  163.) 

137.  Boring  Eye-Ban. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  carefully 
straightened.  Pin-hgtea  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars  of 
the  same  length  shall  be  bored  so  accurately  that,  when  placed  t'other,  pins  A-in-  smaller  in 
diameter  than  the  pin-holes  can  be  passed  through  the  holes  at  both  ends  of^the  bars  at  the  same 
time  without  fordi^- 

138.  PIu-HoIm. — F^n-holes  shall  be  bored  true  to  gages,  sraooth  and  straight;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  The  boring 
shall  be  dotie  after  the  member  is  riveted  up. 

139.  The  distance  center  to  center  of  pin-holes  shall  be  correct  within  A~>n.,  and  the  diameter 
of  the  holes  not  more  than  A^in.  larger  than  that  of  th^pin,  for  pins  up  to  5-in.  diameter,  and  A- 
in.  for  larger  pins. 

140.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

141.  Screw  Threads. — Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  i)  in.,  when  they  shall  be  made  with  six  threads  per  inch. 

143.  Anaeoliiix. — Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
properly  annealed. 

143.  Steel  Ctutiogs. — Steel  castings  shall  be  free  from  large  or  injurious  blowholes  and  shall 
be  annealed. 

144.  Welds.— Welds  in  steel  will  not  be  allowed. 

[45.  Bed  Plates. — Expan»on  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  top  and  bottom.  The  finishing  cut  of  the  planing  tool  shall  be  line  and  correspond 
with  the  direction  of  cx^nsion. 

146.  Pilot  Nuts.— Pilot  and  driving  nuts  shall  be  furnished  for  each  site  of  pin,  in  such 
number<i  as  may  t>e  ordered. 

147.  Field  RiTsts. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten  rivets 
in  excess  of  the  nominal  number  required  for  each  size. 

145.  Sfdpping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 

149.  Weight. — The  scale  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

150.  Finidied  Wei^t. — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  dent  of  the  total  weight  of  the  structure  as  computed  from  the  plans  will  be 
allowed  for  excess  weight. 

VIII.    SHOP  PAINTING. 

•151.  CleKnlng. — Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  ^ven 
one  good  coati:^  of  pure  linseed  oil,  or  such  paint  as  may  be  called  for,  well  worked  into  all  joints 
and  open  spaces. 

153.  Contact  Surfaces. — In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
before  Iteing  riveted  together. 

153.  Inaccessible  Surfaces. — Pieces  and  parts  which  are  not  accessible  for  panting  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords,  etc.,  shall  have  an 
additional  coat  of  paint  before  leaving  the  shop. 

154.  Condition  of  Surfaces. ^Painting  shall  be  done  only  when  the  surface  of  the  metal 
rfectly  dry.     It  shall  not  be  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

155.  Hscmne-Fliiished  Surfaces. — Machine- finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

IX.     INSPECTION  AND  TESTING  AT  THE  SHOPS. 

156.^  PncOlties  for  Inspection. — The  manufacturer  shall  furnish  all  facilities  for  inspectii« 
and  testily  the  weight  and  quality  of  workmanship  at  the  shop  where  material  is  manufactured. 
He  diall  furnish  a  suitable  testing  machine  for  testint;  full-sized  members,  if  required. 

157-  Starfiiig  Woit— The  purchaser  shall  be  notified  well  in  advance  of  the  start  of  the  work 
in  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  and  workmanship. 

158.  Access  to  Shop. — When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  full 
access,  at  all  times,  to  all  parts  of  the  shop  where  material  under  his  inspection  is  being  manu- 
factured. 

159.  Accepting;  HsterisL— The  inspector  shall  stamp  each  piece  accepted  with  a  private  mark. 
Any  piece  not  so  marked  may  be  rejected  at  any  time  and  at  any  stage  of  the  work.     If  the  in- 

•  See  Addendum,  clause  (b).  _, 
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i6i.  Shipfdng  InvMces. — Complete  copies  of  sbipptng  invoices  at^ll  be  fumiahed  to  the 
purchaser  vith  eacli  shipment.     These  shall  show  the  sc»le  weights  of  individual  pieces. 

X.    FULL-SIZED  TESTS. 

163.  E7e-B«r,  Teats. — Full-sized  teats  on  eye-bara  and  umilar  members,  to  prove  the  work- 
manship, shall  be  made  at  the  maaufacturer'a  expense,  and  shall  be  paid  for  by  the  purchaaer  at 
contract  price,  ii  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory,  the  members  repre- 
sented by  them  will  be  rejected. 

16^.  In  eye-bar  tests,  the  minimum  bltimate  strength  shall  be  55,000  lb.  per  so.  in.  The 
eloneaCiori  in  10  ft.,  including  fracture,  shall  be  not  less  than  15  per  cent.  Bars  shall  generally 
break  in  the  body  and  the  fracture  shall  be  silky  or  fine  granular,  and  the  elastic  limit  as  indicated 
by  the  drop  of  the  mercury  shall  be  recorded.  Should  a  bar  break  in  the  head  and  develop  the 
specified  elongation,  ultimate  strength  and  character  of  fracture,  it  shall  not  be  cause  for  rejectioa, 
provided  not  more  than  one-third  of  the  total  number  of  bars  break  in  the  head  (see-136). 

ADDENDUM  TO  GENERAL  SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES. 

S  FOR  STEEL 

When  general  detail  drawit^  are  not  furnished  for  the  use  of  bidders  specific  answers  should 
be  given  to  questions  a,  b  and  c,  below. 

Specific  answers  should  also  be  given  to  questions  d,  e  and  f  if  the  class  of  work  described  in 
any  of  the  paragraphs  there  referred  to  is  desired.  If  these  features  are  not  specifically  demanded, 
the  unbracketed  paragraphs  will  be  construed  to  define  the  Idnd  of  work  desired. 

(a)   What  class  of  live  load  shall  be  used?     (Pars.  7  and  8.) 

(b)'Shall  linseed  oil  or  paint  be  used?    If  paint,  what  kind?     (Par.  [51.) 

(c)  Shall  contractor  furnish  floor  bolts? 

(d)  Shalt  general  reaming  be  done?     (Par.  III.) 

(e)  Shall  held  connections^  assembled  at  the  shop?     (Par.  135.) 

(f)  Shall  floor  connection  angles  be  milled  after  rivetii^?     (Par.  129.) 
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INSTRUCTIONS  FOR  THE   DESIGN  OF  RAILWAY  BRIDGES.' 

The  following  instructions  for  the  design  of  the  details  of  railway  bridges  have  been  prepared 
by  the  engiDcering  department  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway,  igi3. 

RIVETS  AND  RIVET  SPACIKG.— I.  For  conventional  signs,  actual  sizes  of  heads  and 
lengths  of  field  rivets  for  various  grips,  see  Fig.  lo,  Chap.  XII,  and  Table  log,  Part  II. 

3.  Size. — Rivets  for  steel  bridge  work  shall  usually  be  {  in.  diameter,  except  where  limited 
by  size  of  material.  In  very  heavy  work,  where  rivets  of  long  grip  are  required,  such  as  in  the 
drums  of  draw  spans,  i  in.  nvets  are  preferable. 

3.  nattened. — Rivet  heads  are  not  to  be  flattened  to  less  than  }  in.  high. 

4.  Counterannk. — Where  heads  less  than  |  in.  high  are  required,  they  ehaii  be  countersunk. 
The  conventional  signs  for  countersunk  rivets  mean  that  rivets  shall  be  countersunk  and  chipped. 
Where  chipping  is  not  required,  it  should  be  so  noted  on  the  drawing.  Countersunk  rivets  should 
be  avoided  whenever  possible. 

5.  Clearuico  of  Beads. — la  deterinining  clearance  the  heights  of  heads  should  be  assumed 
as  follows: 


Full  bead  I  in.  rivet t  in.  high 

Full  head  1  in.  rivet f  in.  high 

Full  head  j  in.  rivet A  in-  hjgh 

Head  flattened  to  1  in.  rivet I  in.  high 

Countersunk,  not  chipped {in.  high 


6.  Spadng.— <-In  spacing  rivets  the  use  of  fractions  smaller  than  i  in.  should  be  avoided. 
Where  unavoidable,  locate  in  such  a  way  as  to  cause  the  least  number  of  repetitions. 

Locate  splices  and  stifTeners  with  a  view  to  keeping  the  rivet  spacing  as  regular  as  p>ossible. 

j'.  Stagger  and  Clearance. — For  distances  center  to  center  of  staggered  rivets  and  clearance 
required  for  driving,  see  standards.  In  special  cases  where  the  prescribed  clearances  are  im- 
possible, allow  at  least  i  in.  clearance  for  {  m.  and  I  in.  rivets  and  A  in-  ^oi'  1  in.  rivets,  from  the 
edge  of  the  rivet  head  to  the  nearest  surface  or  other  obstruction. 

En  the  connection  of  cross-frames  to  girders,  and  in  small  lug  angles  and  detail  ^ngles,  rivetd 
must  be  spaced  so  that  they  will  not  interfere  with  each  other  in  driving. 

In  girder  flange  aisles,  the  rivets  in  the  "flange"  legs  should  stagger  at  least  I  in.  vrith  rivets 
in  the  "web"  legs,  but  should  be  staggered  uniformly. 

RIVETED  COKNECTIOKS.— I.  Grouping.— Rivets  should  be  grouped  to  insure  that 
the  line  of  applied  stress  passes  as  near  as  possible  through  the  center  of  the  group  of  rivets  which 
resists  that  stress.  Where  the  eccentricity  is  marked,  the  stress  on  the  extreme  rivet  due  to  this 
eccentricitv  ^11  be  computed  and  when  properly  combined  with  the  direct  stress  shall  not  exceed 
the  allowable  stress  per  rivet. 

2.  Gusset  Plates. — Gusset  plates  shall  have  such  a  thickness  as  will  on  any  section  develop, 
in  bending  and  shear,  the  full  stress  which  has  been  transmitted  to  it  by  the  rivets  outside  the 

3.  Clearance. — The  clearance  between  chords  and  web  members  entering  same  and  other 
''        '     '    '  ''     s  shall  be  not  less  than  i  in.  in  heavy  structures  and  -ff  in.  in  light 


PINS  AND  PIN  PACKING. — i.  Pins. — Pins  shall  be  proportioned  to  cany  the  r 
of  the  stresses  in  all  the  members  meeting  at  a  point  at  unit  stresses  specified.     In  computing 
bendingmoment  on  pins,  assume  each  load  concentrated  at  its  center  of  bearing. 

2.  Pin  PtcUng. — Observe  the  following  rules  regarding  arrangement  of  eye-bars  and  pin 
plates: 

ft)  Arrange  pin  packing  so  as  to  reduce  bending  moment  on  pin  to  minimum. 

(2)  Leave  at  least  -ff  in.  clearance  between  adjacent  surfaces. 

(3)  Provide  an  additional  clearance  in  the  length  of  the  pin  of  not  less  than  i  in. 

(4)  When  two  or  more  pin  plates  are  riveted  together,  allow  A  in-  iof  each  plate,  tn  addition 
to  its  nominal  thickness. 

(5)  Where  hinge  plates  are  used  allow  J  in.  clearance  between  hinge  plates  and  faces  of  con- 
necting members. 

(6)  Adjacent  surfaces  of  eye-bars  composing  a  member  shall  have  a  clearance  of  }  in.  to 
allow  for  painrii^. 

(7)  All  eye-bars  are  to  tie  in  planes  as  nearly  as  possible  parallel  to  the  center  line  of  truss, 
no  divcigeoce  exceeding  one  inch  in  16  ft.  being  permitted. 

'Prepared  by  the  engineering  department  of  the  Chicago,   Milwaukee  &  St.  Paul  Ry.; 
Mr.  C.  F.  Loweth,  Chief  Engineer,  and  Mr.  J.  H.  Prior,  Office  Engineer. 
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220  STEEL  RAILWAY  BRIDGES.  Chap.  IV. 

(8)  Where  distance  between  adjacent  surfaces  is  }  in.  or  more,  filler  rings  shall  be  provided 
to  prevent  lateral  motion,  but  the  aggregate  length  of  such  filler  rir^  shall  be  i  in.  Ie«s  than  the 
neat  length  required,  after  making  necessary  allowances  for  packing. 

(9)  The  neat  grip  of  pins  shall  be  the  distance  out  to  out  of  outside  surfaces  after  making 
allowances  for  clearance. 

(10)  The  ordered  length  of  pins  between  shoulders  shall  exceed  the  neat  grip  by  the  following 
allowances; 

For  pins  of  3!  in.  diam.  or  tesa.  allow  i  in. 

For  {Ata  of  3I  in.  diam.  to  6  in.  diam.,  allow  i  in. 

For  pins  of  6^  in.  diaro.  to  9}  in.  diam.,  allow  J  in. 

GIRDER  WEBS.— Wldfli  0*  Web  Plates.— On  deck  prdere  the  web  must  usually  project 
1  in.  above  the  back  of  the  top  ttange  angles,  to  receive  the  notches  in  the  track  ties,  eitcept  for 
concrete  deck  floors  where  the  stabs  rest  on  a  top  cover  plate.  In  other  cases,  where  no  cover 
plates  are  required,  the  web  must  be  flush  with  the  top  flange  angles.  At  the  bottom  flan^  in 
all  cases,  and  at  the  top  flange  where  cover  plates  are  required,  the  web  may  be  set  back  J  10, 

Web  plates  shall  not  be  ordered  in  widths  having  a  fraction  of  an  inch  less  than  )  in. 

niidmeBS. — Web  plates  should  have  a  minimum  thickness  of  A  ■»■  At  web  splices  }  in. 
clearance  between  ends  of  web  plates  shall  be  allowed. 

Web  Splices  Location. — Web  splices  for  girders,  when  required,  should  preferably  be  placed 
near  the  third  or  quarter  paints,  and  never  when  avoidable  at  the  point  of  maximum  moment. 

SizB. — Web  splices  should  be  of  sufficient  width  to  take  two  lines  of  rivets  through  each 
section  of  the  web  spliced.  When  not  under  floorbeam  connection  angles,  J  in.  clearance  may  be 
allowed  top  and  bottom. 

Homent  Splices. — In  addition  there  should  be  splice  plates  on  the  vertical  legs  of  the  flange 
angles,  designed  to  splice  the  portion  of  the  web  covered  by  the  flange  and  where  thus  spliced,  the 
resisting  moment  on  the  web  may  be  taken  as  equivalent  to  that  of  i  of  its  gross  area  considered 
as  flange  section.  1 

Where  the  splice  plates  on  the  flange  angles  are  omitted,  the  rivets  in  the  flange  angles  for  a    1 
distance  of  one  foot  either  side  of  the  splice  may  be  considered  as  part  of  the  group  of  splicing  rivets, 
and  account  shall  be  taken  of  the  longitudinal  shearii^  stress  on  these  rivets  as  well  as  the  stress 
due  to  the  splice.  I 

Riveting. — The  riveting  shall,  where  practicable,  be  such  as  to  develop  the  full  strength  of    1 
the  web,  and  shall  always  be  such  as  to  develop  the  actual  moment  carried  by  the  web  at  any  point: 
this  bein^  determined  by  multiplying  the  total  moment  on  the  section  by  the  ratio  of  |  of  the  gross 
web  section  to  the  total  flange  area,  including  this  web  equivalent.     Splices  shall  also  be  designed 
to  carry  the  total  shear  on  the  section  due  to  the  assumed  loading. 

GutDBR  FLANGES.— I.  Compositioii. — At  least  }  of  the  area  of  the  flange  section  should  | 
consist  of  angles,  or  else  the  maximum  size  of  the  latter  be  used,  and  in  no  case  should  the  center  ' 
of  gravity  of  the  flange  come  above  the  flange  angles.  For  location  of  center  of  gravity  for  various  < 
types  of  flange  and  sizes  of  material,  sec  Table  8S,  Part  II.  1 

2.  Composition  of  Hanges  shall  preferably  be  as  follows; 

(i)  6"  X  6"  angles  without  cover  plates.  I 

(2)  6"  X  6"  angles  with  14  in.  or  16  in.  cover  plates. 

(3)  8"  X  8"  angles  with  i?  in.  or  18  in,  cover  plates. 

(4)  8"  X  8"  angles  with  2  or  4-6"  X  4"  angles,  without  cover  plati 
Thickness  of  flanges  without  "  ' 

leg  of  the  angle. 

3.  net  Section. — The  riveting  in  the  tension  flanges  shall  be  computed  according  to  method 
shown  in  Tables  109  to  1 13,  I^rt  II,  Where  the  spacing  of  flange  rivets  is  not  known  in  advance, 
about  the  following  allowances  shall  be  made.  In  detailing  flange  riveting,  where  there  is  not  a 
considerable  excess  of  flange  section,  endeavor  to  keep  withm  these  allowances; 

(l)  Flange  angles  without  cover  plates  and  without  lateral  bracing  connections,  each  angle — 
one  hole  out, 

(a)  Flange  angles  without  cover  plates,  but  with  lateral  connections,  each  ai^le — ij  holes 

(3)  Flai^e  angles  with  cover  plates,  each  angle — two  holes  out.  I 

(4)  Cover  plates — two  holes  out.  i 

4.  Cover  Plates. — Cover  plates  shall  have  the  same  thickness  or  shall  diminish  in  thickness  1 
from  the  flar^e  angle  out.  In  determining  length  of  cover  plates,  the  curve  of  maximum  moments  1 
shall  be  established  and  plates  shall  be  made  i  ft.  longer  at  each  end  than  the  theoretical  require- 
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(i)  Splices  shall  always  be  located  at  points  where  there  is  an  excess  at  flange  section. 
(3)   No  two  parts  of  the  flanee  shall  be  spliced  within  2  ft.  of  each  other. 

(3)  Flange  angles  shall  be  siwiced  with  a  splice  angle  of  equal  section  riveted  to  both  lega  of 
the  angle  spliced.  Where  this  ia  impossible,  the  largest  possible  splice  angle  shall  be  used,  and  the 
difference  made  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle. 

(4)  In  splicing  cover  plates  where  one  or  more  plates  intervene  between  the  splice  pkte  and 
tbc  cover  plate  which  it  splices,  the  requirement  of  paragraph  57  of  the  A.  R.  E.  A.  Specifications 
for  Design  shall  be  observed. 

(5)  Rivets  in  splice  plates  and  angles  shall  be  located  as  close  together  as  possible,  in  order 
that  the  transfer  may  talce  place  in  a  short  distance. 

(6)  No  allowance  shall  he  made  for  abutting  edges  of  spliced  members  of  the  compression 

6.  Flange  Klveting. — Rivets  connecting  flange  to  the  web  shall  be  sufficient  to  resist  at  any 
pcnnt  the  longitudinal  shear  combined  with  any  load  that  b  applied  directly  to  the  flanges.  The 
wheel  loads  where  ties  rest  directly  on  the  flanges  shall  be  assumed  to  be  distributed  over  3  ft. 

The  pitch  of  rivets  between  fiange  and  web  at  any  section  may  be  computed  by  the  formulas: 

For  through  girders,  p  —  R  ■  d/S. 


For  deck  girders,  p  ~  -^ 
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p  ~  longitudinal  spacing  of  rivets  ii 

R  —  value  of  one  rivet  in  bearing  or  double  shear  in  pounds; 

d  —  distance  center  to  center  of  flanges  in  inches; 

.y  —  total  maximum  shear  in  pounds  at  the  section,  reduced  in  the  ratio  of  the  net  area  o: 

flange  angles  and  plates  to  the  net  area  of  flange  plus  )  the  gross  web  section. 
W  =  one  wheel  load  plus  100  per  cent  impact. 
J,  Kudmnm  Spacing. — Maximum  spacing  of  rivets  between  flanges  and  web  shall  be: 


For  convenience  in  shop  work,  spacing  of  rivets  in  top  and  bottom  flanges  shall  be  exactly 
alike  where  pos^ble. 

8.  RiTsts  in  Cover  Flatss. — Where  it  is  necessary  to  compute  spacing  of  rivets  connecting 
cover  plates  to  flange  angles,  the  following  formula  may  be  used: 

p-n-  R-d/SXAfa 
where  R  —  value  of  one  rivet  in  single  shear  or  bearing: 

n  —  number  of  rivets  on  one  transverse  Une  through  cover  plates  and  flanges; 
a  —  total  area  of  cover  plates  at  section; 
A  —  area  of  entire  flange  at  section; 
S  and  d,  as  in  section  6,  "Flange  Riveting." 
The  pitch  as  computed  by  this  formula  shall  be  diminished  15  per  cent  for  every  cover  plate 
more  than  on6.    Rivetsincoverplatesshallpreferablystagger  half  way  with  the  rivets  in  the  verti- 
cal legs  of  the  flange  ai^es.    The  maximum  spacing  shall  be  6  in. 

9.  Circular  Ends.— For  through  spans  with  circular  ends,  the  end  angles  should  be  spliced  near 
the  ends,  as  the  full  length  angles  cannot  be  handled  in  making  the  bends. 

Rivets  through  cover  ^atee  on  circular  ends  must  be  spaced  close  enough  to  draw  the  plates 
tight  against  the  angles.     The  smaller  the  radius,  the  closer  rivets  should  be  spaced. 

10.  Orernin  of  An^s. — In  plate  girders  whose  top  flange  is  composed  of  four  or  more  angles, 
about  I  in.  should  be  allowed  between  the  edges  of  angles  to  allow  for  overrun. 

11.  Gage  in  CoTer-HatMU'-On  girders  which  are  similar,  but  which  have  webs  of  different 
thickness,  the  ^we  in  the  angles  should  be  left  the  same  and  the  gage  in  the  cover  plate  varied  to 
suit  the  web  tnicknesa. 

GIRDBR  STIFFRABRS.— Intermediate  StiSenerB.— Intermediate  stilTeners,  except  at  con- 
centrated load,  may  be  offset,  and  shall  bear  tightly  against  top  and  bqjtom  flange.  The  ordered 
len^h  of  offset  stiRener  angles  shall  be  the  finished  length  plus  the  thickness  of  each  angle  over 
which  it  is  offset. 

Size  of  StiSeners. — In  general,  the  minimnm  size  of  stiffeners  bearings  ag^nst  6"  X  6" 
flange  angles  shall  be  5"  X  3j"  X  I",  and  against  8"  X  8"  flange  angles  shall  be  6"  X  3J" 

xf'. 

Field  riveted  stiffeners  at  floorbeams  of  through  girders  may  have  1  in.  clearance  at  the  top. 
Fillers  under  end  stiffeners  and  under  concentrated  loads  must  bear  on  bottom  flange,  but  may 
have  )  in.  clearance  at  top.  _^ 
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SiTQts  In  Sdflanen. — Rivets  ia  stiffener  angles  may  have  the  maximuin  ipadng,  except  thai: 

(a)  Rivets  in  end  stiffeners  and  stiReners  a.t  concentrated  loads  ahall  develop  the  full  computn] 
stress  in  the  stiffeners. 

(b)  Spacing  of  rivets  in  end  stiffeners,  intermediate  stiffenen,  and  web  splices  shall  be  identi- 
cal, except  that  rivets  in  any  hne  may  be  omitted  where  possible  without  exceeding  the  maximum 
specified  pitch,  in  order  to  minimize  shop  work  of  punching. 

Holes  for  Hand-Hooka. — Alt  stiffeners  on  deck  girders  with  concrete  decks  and  ballast  floon 
should  have  holes  punched  in  the  outstanding  legs  lor  inserting  hand-hook  to  support  a.  persoa 
inspecting  bridge.  Holes  should  be  H  in.  diameter  and  locatead  in.  from  top  flange  on  sballow 
girders  and  6  ft.  from  bottom  flange  on  deep  girders.  Gage  line  of  hole  to  be  I  ^  in.  from  outer 
edge  of  angle. 

STRINGERS  AND   FLOORBEAMS.— i.  Stringora.— Stringers   for  through   girder   spans 


may  be  either  I-beams  or  built  girders.     Where  I-beams  are  usiS  two  stringers  shall  be  placed  i 
under  each  rail.     Depth  of  stringers  shall  depend  on  available  distance  from  base    '      ''  ' 
bridge";  depth  shall  oe  preferably  J  to  1,  but  not  less  than  iVi  the  panel  length. 


J,  FloorbeaniB. — Depth  of  floorbeams  shall  be  such  as  to  allow  strii^erB  to  be  framed  readily 
into  the  web,  and  not  less  than  i  of  the  distance  center  to  center  of  girders  or  trusses. 

3.  Stringer  Connections. — Stringers  shall  be  riveted  to  webs  of  floorbeams  with  |  in.  con- 
nection angles.  Connection  angles  arc  to  be  faced  to  provide  uniform  bearing  against  webs  vi 
floorbeams.     Make  stringers  A  m.  short  at  each  end  for  clearance  in  erecting. 

4.  Floorbeams  for  Through  Girders. — The  gusset  plates  connecting  floorbeams  to  main 
girders  shall,  wherever  possible,  extend  to  the  top  of  the  girder  and  shall  have  an  angle  riveted  | 
along  the  edge,  to  form  an  effective  stay  for  the  top  flange  of  the  main  girder,  and  they  shall  al^ 
form  the  webs  of  the  end  portions  of  the  floorbeams,  extending  out  toward  the  center  as  far  as  the 
clearance  line  will  allow,  and  being  there  spliced  to  the  main  web. 

5.  Floorbeams  for  Truss  Brit^es.— Floorbeams  for  truss  spans  shall  preferably  be  riveted  to  1 
the  vertical  posts  or  hangers,  extending  the  connection  angle  above  the  top  flai^  where  necessary  ! 
to  secure  aumcient  rivets.  When  it  is  necessary  to  cut  away  the  lower  corner  rf  the  floorbeam  to  ■ 
clear  the  chord,  special  care  shall  be  taken  to  so  reinforce  the  web  as  to  carry  the  end  shear  into 
the  connection  angles.  

TRUSS  AND  TOWER  MEMBERS.— i.  Ton  Chord  and  End-post.— The  top  chord  and 
the  inclined  end-post  shall  usually  consist  of  two  built  channels,  with  a  thin  cover  plate  on  top 
and  with  bottom  flanges  latticed.  The  bottom  flanges  ^lall  be  made  heavier  than  the  top,  in  1 
order  that  the  gravity  axis  may  come  as  close  as  possible  to  the  center  line  of  the  webs. 

3.  VerticalB  and  Rigid  Tension  Members. — Intermediate  posts  shall  usually  consist  of  twn 
rolled  or  built  channels  latticed.  Hij)  verticals  and  similar  members  and  the  two  end  panels 
of  the  bottom  chords  of  single  track  pin-connected  trusses  shall  be  rigid,  and  may  consist  either 
of  two  rolled  or  built  channels  latticed;  or  of  four  angles  latticed  to  form  an  l-section. 

3.  Eye-bars. — ^Eye-bars  shall  be  used  for  all  bottom  chord  members  and  main  diagonals  that 
do  not  require  to  be  stiffened  in  pin-connected  trusses.  Dimensions  of  heads  shall  be  according 
to  manufacturers  shop  standard.  Length  of  eye-bars  shall  be  given  on  the  drawings,  center  to 
center  of  pin  holes,  and  also  back  to  back  of  pin  holes. 

&  Eccentricity. — The  line  of  applied  force  must  coincide  with  the  gravity  aws  of  built 
rs  or  else  the  member  must  be  designed  for  combined  direct  stress  and  flexure  due  to  the 
eccentricity  of  the  applied  load. 

5.  Bending  Due  to  We^ht. — Bending  moment  in  the  top  chord  and  end-post  due  to  weight 

of  member  may  be  computed  by  the  approximate  formula,  -j  ±  M-cjI,  where  P  —  total  direct 

stress  in  the  member;  A  —  gross  ari;a  of  the  section  of  the  member;  M  =  bending  moment  at  the 
section  of  the  member  in  in. -lb.;  c  ™  distance  to  extreme  fiber;  and  I  =  moment  of  inertia  of  the 
section  of  the  member,  and  the  stress  from  such  bending  shall  be  deducted  from  the  average 
compressive  stress  allowed  by  the  column  formula. 

6.  Bending  In  End-posts. — In  computing  stresses  in  the  end-post  of  through  ^ii-connectcd 
trusses,  due  to  wind  force,  where  the  end-post  consists  of  two  built  or  rolled  channels,  if  the  product 
of  the  wind  reaction  in  the  top  chord  times  one-half  the  distance  from  the  foot  of  the  post  to  the 
lowest  connection  of  the  portal  bracing  does  not  exceed  the  product  of  the  dead  load  stress  in  one 
of  the  channels  composing  the  end-post  times  the  distance  center  to  center  of  the  bearings  of  the 
channels  on  the  pin,  the  post  may  be  considered  fixed-ended  and  the  point  of  contra-flcxure 
assumed  midway  between  the  foot  of  the  post  and  the  lower  connection  of  the  portal  bracing. 
Otherwise  it  must  be  considered  pin-connected.  The  end-posts  of  riveted  through  trusses  shall 
be  considered  as  fixed-ended  columns. 

7.  Over-run  of  Angles. — Where  side  plates  are  used  on  chord  sections  placed  between  the 
flange  angles,  at  least  i  in.  clearance  ^ould  be  allowed  between  the  edges  of  the  plate  and  the 
angles  to  allow  for  over-run  of  angles. 
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8.  □earanca  for  Sirotliig. — When  flange*  of  anElea  and  chanmeU  of  built  memben  an  turned 
n.  5l  in.  opening  between  ei^es  of  angles  or  channels  is  required  to  rivet  the  tie  plates  and  lacing. 

LATEkAL  and  swat  BRACInG. — I.  Minitniirn  Sizea.— The  minimuni  size  of  angles 
■.a  be  used  in  bracings  shall  be  3}"  X  3"  X  |".     Not  less  than  three  rivets  shall  be  used  in  the 


3.  BflectiTe  S«ctlon. — Where  single  angles  aie  used  for  bracing  memliers  without  lug  aisles 
connecting  the  outstanding  leg  to  the  gusaet  plates,  not  more  than  So  per  cent  of  the  net  section,  if 
in  tension,  shall  be  considered  as  effective. 

Where  single  angles,  used  for  bracing  members,  have  lug  angles  connectii^  their  outstanding 
legs  to  the  gusaet  plates,  and  where  the  center  of  the  group  of  connecting  nveta  in  the  gusaet 
ptaiea  fall  close  to  the  gravity  line  of  the  angle,  in  plan,  90  per  cent  of  the  net  section  may  be 
considered  effective. 

3.  Donble  Diagonal  Syatems. — In  double  diagonal  systems  the  shear  due  to  wind  force  shall 
be  considered  as  carried  wholly  by  one  diagonal  in  tension,  but  the  maximum  value  of  l/r  —  130, 
specified  for  bradng  members,  shall  not  be  exceeded.     In  assuming  "r"  the  connection  of  di- 


of  the  n^tem,  but  not  against  deflection  perpendicular  thereto. 

4.  Banding  at  Connections. — Connections  between  bracii^  members  and  chords  shall  be 
deagned  to  avoid  as  far  as  possible  any  bending  stress  in  main  truss  members. 

S;.  Allowance  for  Draw. — For  diagonal  bracing  of  one  or  two  angles  the  following  draw 
d  be  allowed: 

For  lengths  up  to  10  ft.                                                              No  Allowance, 
from  10  to  ai  ft.                                                      Allow  A  li 
from  31  to  35  ft.                                                             Allow  {  in. 
^"■35  ft.  


(1)  I>ecl[  girders  and  top  Ranges  of  stringers  15  ft.  long  and  over;  single  diagonal  system  with 
transverse  struts,  composed  of  single  aisles.     Slope  of  diagonals  45°  to  60°  with  axis  of  bridge. 

(ij  Through  girders:  Double  diagonal  system  of  same  panel  length  as  floor  system,  com- 
posed of  single  angles;  floorbeams  to  act  as  the  transverse  struts  of  the  system. 

{3)  Trusses,  loaded  chord:  Double  diagonal  systems  of  same  panel  length  as  floor  systems, 
composed  of  single  aisles,  or  double  angles  back  to  back;  floorb^ms  to  act  as  the  transverse 
nruts  of  the  system. 

(4)  Trusses,  unloaded  chord:  Double  diagonal  systems  of  same  panel  length  as  floor  system 
with  transverse  struts  at  panel  points;  all  composed  of  two  or  four  angles  laced  to  form  a  channel 
or  [-section,  of  depth  equal  to  depth  of  chords. 

3.  Traction  Stresses. — The  lateral  system  in  the  plane  of  the  loaded  chord  of  truss  spans  and 
o(  through  girder  spans  shall  be  effectively  riveted  to  the  stringers  at  intersections,  and  the  diagonal 
shall  be  designed  to  transmit  the  traction  for  one  panel  length  of  track  to  the  panel  point;  one 
diagonal  for  each  stringer  considered  acting  in  tension. 

3-  Clipping  Angles  for  Clearance.^The  vertical  leg  of  laterals  should  be  clipped  at  the  end 
when  there  is  a  possibility  that  the  square  corner  would  interfere  in  any  way  with  putting  in  the 
laterals  or  rivetmg  up.  This  is  to  be  particularly  looked  out  for  at  floorbeam  connections  of 
through  girder  spans  and  in  top  laterals  of  Type  A4  girder  spans. 

4.  Roaring  of  Holes  in  Connections. — Where  laterals  are  riveted  to  stringers  the  holes 
should  be  squared  with  the  stringers,  if  possible.  At  jhe  intersection  of  diagonals,  the  holes  in 
splices  with  two  lines  of  rivets  should  be  squared  with  lateral  and  skewed  on  the  splice  plate. 

5.  Tie  Plates  and  Lacing  STmmetrical, — 'Where  laterals  have  tie  plates  or  tic  plates  and  lacing 
bars.theyshouldbcdctailed  symmetrically  so  that  thcangles  will  be  identical  by  turning  end  for  end! 

6.  Lateral  Plates  C3  and  C4  Spans.— The  lateral  plates  of  Type  C3  and  Type  C4  girder 
spans  (flanges  two  angles  and  cover  plates)  should  not  be  shop  riveted  to  the  gu'ders,  as  it  is 
impossible  to  put  in  floorbeam  connection  angles  when  this  is  done. 

TRARBVBRSE  BRACING.— I.  Transverse  bracing  shall  be  used  as  follows: 
(i)  At  intervals  of  not  more  than  is  ft.  on  deck  girder  spans.  Intermediate  frames  shall  be 
of  minimum  material.  End  frames  shall  be  designed  to  carry  to  the  abutment  the  total  lateral 
toreea  acting  00  the  top  flange.  End  frames  of  skew  deck  girders  shall  be  placed  at  the  end 
of  the  short  girder,  and  at  right  angles  to  same.  Top  and  bottom  lateral  diagonal  braces  shall 
be  used  to  stay  the  end  of  the  long;  girder. 

(3)  As  spacers  for  stringers  resting  on  masonry  where  end  floorbeams  cannot  be  used.  These 
frames  shall  be  riveted  to  girders  or  truss  shoes  where  practicable. 

(3)  As  spacers  for  stringers  at  all  expansion  points. 

(4)  At  end  panel  of  through  truss  spans,  naving  vertical  truss  members.  These  frames 
•hall  be  as  deep  as  clearance  will  permit. 
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(5)  Throi^h  tnua  spans  shall  have  riveted  portal  braces  r^dly  coonected  to  the  end-poeu 
and  top  chords.  They  shall  be  as  deep  as  clearance  will  allow,  and  shall  be  deugned  ta  carry  to ' 
the  abutment  the  tot^  wind  force  acting  on  the  top  chord. 

(6}  At  panel  points  of  deck  truss  spans,  having  vertical  members.  Intermediate  irama 
tiiail  be  designed  to  carry  1  the  panel  concentration  of  wind  and  centrifugal  force  to  the  bottom  I 
chord  and  the  end  frame  shall  be  designed  to  carry  }  the  total  wiiid,aiid  centrifugal  force  acting  I 
on  the  top  chord  to  the  abutment. 

Frames  for  (i),  (2)  and  (3)  shall  consist  of  single  angle  struts,  top  and  bottom  and  double 
diagonals.  Frames  for  (4)  may  conaist  of  knee  braces  attached  to  the  top  lateral  struts,  but  pre- 
ferably where  clearance  permits,  of  light  open  webbed  girder.  Portal  frames  shall  con^st  of  open 
webbed  |:irders,  with  knee  braces  connections  to  inclined  posts.  Frames  for  (6)  shall  consist  ol 
double  diagonals  running  between  floorbeams  and  lower  lateral  struts  and  composed  of  two  aaglci 
back  to  back,  or  of  two  or  four  angles  laced. 

3.  Dlaphragma  for  Twin  Deck  Spans. — Diaphragms  connecting  two  pairs  of  twin  girders 
are  to  be  omitted  on  shallow  spans.  Where  the  girders  exceed  3  ft.  6  in.  in  depth,  diaphragms  shall 
be  added  tor  rigidity.     They  shall  be  connected  to  girders  with  field  bolts. 

3.  End  Cross  Frames  and  Diaphragms. — In  the  design  and  location  of  end  cross  frames  and 
diaphragms  their  shape  and  position  shall  be  such  as  to  give  access  to  the  space  between  the 
girders  for  inspection,  painting  and  the  placing  of  anchor  bolts. 

SBFEItBNCES.— For  the  calculation  of  the  stresses  in  railway  bridges  and  for  additional 
details  and  the  details  of  design,  the  tollowii^  books  may  be  consulted:  Merriman  &  Jacoby's 
"Roofs  and  Bridges,"  Part  I,  Stresses;  Part  II,  Graphic  Statics;  Part  III,  Bridge  Design;  Part  IV, 
Higher  Structures;  Johnson,  Bryan  and  Tumeaure's  "Framed  Structures,"  Part  I,  Stresses, 
Part  II,  Statically  Indeterminate  Structures  and  Secondary  Stresses;  Part  III,  Design  (in  prep- 
aration); Marburg's  "Framed  Structures,"  Part  I,  Stresses;  Spoflord's  "Theory  of  Structures," 
stresses  in  structures;  DeBois's  "Framed  Structures";  Burr  and  Falk's  "Design  and  Construction 
of  Metallic  Bridges";  Skinner's  "Details  of  Bridge  Design,"  Parts  I,  II,  III;  Moore's  "Design 
of  Plate  Girders";  KeCchum's  "The  Des^fu  of  Highway  Bridges,"  stresses,  details  and  design. 
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CHAPTER  V. 
Retaiking  Walls. 

Litrodiicllan. — A  letaining;  wall  is  a  structure  which  suataiiu  the  lateral  preaaure  of  earth  or 
some  other  granukr  mass  which  poesetsea  some  frictional  Btability.  The  pressure  f>f  the  material 
supported  will  depend  upon  the  material,  the  maimer  of  depositing  in  place,  and  upon  the  amount 
of  moisture,  and  will  vary  from  sera  to  the  full  hydraulic  presaune.  If  dry  day  is  looaely  depoaiCed 
behind  the  wall  it  will  exert  full  preaaure,  due  to  this  condition.  In  time  the  earth  may  become 
consolidated  and  cohesion  and  moisture  make  a  solid  clay,  which  may  cauae  the  bank  to  shrink 
away  from  the  wall  and  there  will  be  no  preaaure  exerted.  On  the  other  hand  all  cohesion  may 
be  destroyed  by  the  vibration  of  roovioK  loads  or  by  saturation,  and  the  maximum  theoretica] 
pressures  may  occur.  The  pressures  due  to  a  dry  granular  mass,  a  semi-fluid,  without  ctJiesioa, 
of  indefinite  extent,  the  particles  held  in  place  by  friction  on  each  other,  will  be  considered.  The 
effect  of  cohe«on  and  of  limiting  the  eictent  of  the  maaa  ia  considered  in  the  author's  "  The  Design 
of  Walla,  Bins  and  Grain  Elevators." 

Nomenclature. — The  following  nomenclature  will  be  used: 
t  ~  the  angle  of  repoee  of  the  filling. 

♦'  —  the  angle  of  friction  of  the  filling  on  the  back  of  the  wall. 
8  ~  the  angle  between  the  back  of  the  wall  and  a  horizontal  line  passing  through  the  heel  of  the 

wall  and  extending  from  the  back  into  the  fill. 
i  ~  angle  of  surcharge,  the  angle  between  the  surface  of  the  filling  and  the  horizontal;  S  ta 

positive  when  measured  above  and  negative  when  measured  below  the  horizontal. 
I  —  the  angle  which  the  resultant  earth- pressure  makes  with  a  normal  to  the  back  of  the  wall. 
X  ~  the  angle  between  the  resultant  thrust,  P,  and  a  horizontal  line. 
k  —  the  vertical  height  (rf  the  wall  in  feet, 
d  —  the  width  of  the  base  of  the  wall  in  feet. 
b  —  the  diatance  from  the  center  of  the  baae  to  the  point  where  the  resultant  preaaure,  E,  cuts 

the  base. 
P  ^  the  resultant  earth-pressure  per  foot  of  length  of  wall. 
E  ~  the  resultant  of  the  earth- pressure  and  the  weight  of  the  wolL 
w  ■•  the  weight  of  the  filling  per  cubic  foot. 
W  —  the  total  weight  of  the  wall  per  foot  of  length  of  wall. 
Pi  =  the  pressure  on  the  foundation  due  to  direct  pressure. 
Pi  ■-  the  pressure  on  the  foundation  due  to  bendii^  moments. 
P  —  the  resultant  pressure  on  the  foundation  due  to  direct  and  bending  forces. 
y  —  the  depth  of  foundation  below  the  earth  surface. 

Calcnlatioii  irf  fiw  PrMtnre  on  Retaining  Walls. — To  fully  determine  the  pressure  of  the 
filHi^  on  a  retainii^c  wall  it  is  necessary  that  the  resultant  of  the  pressure  be  known  (a)  in  amount, 
(b)  in  line  of  action,  and  (c)  in  pant  of  application.  Many  theories  have  been  proposed  for 
finding  the  pressure,  each  differing  somewhat  as  to  the  aaeumptions  and  results.  All  theories 
for  the  demgn  of  retatnii^  walls  that  have  any  theoretical  basis  come  in  two  clasaea;  (i)  the  Theory 
of  Conjugate  Preaaure*,  due  to  Rankine,  and  commonly  known  as  Rankine'a  Theory,  and  (a) 
the  Theory  of  the  Maximum  Wec^,  probably  first  proposed  by  Coulomb,  and  commonly  known 
as  Couktmb's  Theory.  Rankine'a  Theory  determines  the  thruat  in  amount,  in  line  of  action,  and 
in  pMnt  of  appUcaUon.  In  Coulomb's  Theory,  with  the  exception  of  Weyrauch's  solution,  the 
line  of  action  and  pMnt  of  application  must  be  assumed,  thus  leadii^  to  numerous  solutions  of 
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mote  or  less  merit.  All  solutions  based  oa  the  theory  of  the  wedge  assume  that  the  resultant 
thrust  is  apjdied  at  one-third  the  height  for  a  wall  with  a  level  or  inclined  surcharge,  as  is  given 
by  Rankine;  but  the  resultant  is  assumed  as  making  angles  with  a  normal  to  the  back  of  the 
wall  varying  from  zero  to  the  angle  of  repose  of  the  filling.  In  Ranldne's  solution  the  resultant 
pressure  is  parallel  to  the  plane  of  the  surchar^  for  a  vertical  wall  with  a  level  or  positive  surchaige. 

(i)  RAHEIHB'S  THEORY. — In  this  theory  the  filling  is  assumed  to  consist  of  an  incom- 
pressible, homogeneous,  granular  mass,  without  cobeuon,  the  particles  are  held  in  pomtion  by 
friction  on  each  other;  the  mass  being  of  indefinite  extent,  having  a  plane  top  surface,  resting 
on  a  homogeneous  foundation,  and  being  subjected  to  its  own  wright.  The  principal  and  conju- 
gate stresses  in  the  mass  are  calculated,  thus  leading  to  the  ellip«e  of  stress.  In  the  analysis  it 
is  proved  (a)  that  the  maximum  angle  between  the  pressure  on  any  plane  and  the  normal  to 
the  plane  is  equal  to  the  angle  of  internal  friction,  and  (fi)  that  there  is  no  active  upward  component 
of  stress  in  a  granular  mass.  Both  of  these  laws  have  been  verified  by  experiments  on  semi- 
fluids.  Rankine  deduced  algebraic  formulas  for  calculating  the  resultant  pressure  on  a  vertical 
wall  with  a  horizontal  surcharge,  and  on  a  vertical  wall  with  a  surcharge  equal  to  i,  an  angle 
equal  to  or  less  than  the  ai^le  of  repose.  The  general  case  is  best  solved  by  constructing  the 
ellipse  of  stress  by  graphics,  or  Weyrauch's  algebraic  solution  may  be  used.  The  author  has 
extended  Rankine's  solution  in  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  so  that  it  is 
perfectly  general. 

Rankliie's  Formnlai. — Wth  a  vertical  wall  and  a  horizontal  surchai^,  Fig.  i,  the  total 
resultant  pressure  is 

'■-"■■'•frSI  <■' 

where  w  is  the  w»ght  of  the  filling  in  lb.  per  cu.  ft.,  k  is  the  depth.of  the  wall  in  feet,  4  is  the  angle  | 
of  repose  of  the  filling,  and  P  is  the  resultant  pressure  on  the  wall  in  pounds.  The  resultant  | 
pressure,  F,  will  be  horizontal.  i 


r 


For  a  vertical  wall  with  surcharge  at  an  angle  S,  Fig.  a,  the  pressure  is  given  by  the  formula 
cosi  —  "VcoJi 
cos  1  -|-  Vcos*  t 
Where  S  is  equal  to  ^,  formula  (3)  becomes 

P  -  iw-A'cos*  (3) 

The  resultant  pressure,  P,  is  parallel  to  the  inclined  top  surface  for  a  vertical  wall  with  a  level 
or  a  positive  surcharge  (many  authors  have  incorrectly  assumed  that  the  resultant  pressure  is 
always  parallel  to  the  top  surface  of  the  surchai^^  filling). 

Inclined  Retaining  WnIL — The  pressure  on  an  inclined  retaining  wall  may  be  calculated  by 
means  of  the  ellipse  of  stress — see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 
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The  pTMBure  on  an  inclined  retaining  wall  may  also  be  calculated  by  means  of  the  graphic  solution 
ihown  in  Fig.  3  i{  the  direction  of  the  thrust  be  known.  From  Rankine's  theory  we  know  that 
the  resultant  pressure  on  a  vertical  retainiiq  wall  is  always  patallel  to  the  top  surface  where  the 
suirhar^  is  level  or  is  inclined  upwards  away  from  the  wall.  The  pressure  on  a  retaining  wall 
inclined  away  from  the  filling  may  then  be  calculated  as  follows: 


Fig.  3.    Pksssure  on  an  Inclined  Retaining  Wall. 

In  Fig.  3  the  retaining  wall  A  CDS  sustains  the  pressure  of  a  filling  having  an  angle  of  repose- 
^,  and  eloi^ng  up  away  from  the  top  of  the  wall  at  an  angle  S.  Calculate  P'  the  pressure  on  the 
plane  E-B  by  means  of  formula  (2).  P"  acts  at  a  point  iEB  above  B  and  is  parallel  10  the 
top  Arface  DE.  Let  the  weight  of  the  triangle  of  filling  DBE  be  C,  which  acta  through  the 
center  of  gravity  of  the  trian^e  and  intersects  P'  at  pmnt  O.  Then  P,,  the  resultant  of  P* 
and  G,  will  be  the  resultant  pressure  at  0,  and  makes  an  angle  s  with  a  normal  to  the  back  of  the 
wall,  and  an  angle,  X  —  0  +  *  —  90°  with  the  horizontal. 

(2)  COULOMB'S  THEORY.— In  thia  theory  it  b  assumed  that  there  is  a  wedge  ha^^g 
the  wail  as  one  nde  and  a  plane  called  the  plane  of  rupture  as  the  other  side,  which  exerts  a  maxi- 
mum thrust  on  the  wall.  The  plane  of  rupture  lies  between  the  angle  of  repose  of  the  filling  and 
the  back  of  the  wall.  It  may  coincide  with  the  plane  of  repose.  For  a  wall  without  surcharge 
(horizontal  surface  back  of  the  wall)  and  a  vertical  wall  the  plane  of  rupture  bisects  the  angle 
between  the  plane  of  repose  and  the  back  of  the  wall.  This  theory  does  not  determine  the  direc- 
tion of  the  thrust,  and  leads  to  many  other  theories  having  assumed  directions  for  the  resultant 
pressure. 

Algebraic  Method. — In  Fig.  4,  the  wall  with  a  height  k,  slopes  toward  the  earth,  bmsg  in- 
clined to  the  horizontal  at  an  angle  8,  and  the  earth  has  a  surcharge  with  slope  i,  which  is  not 
greater  than  ^,  the  angle  of  repose,  ft  is  required  to  find  the  pressure  P  against  the  retaining 
wall,  it  being  assumed  that  the  lesultant  pressure  makes  an  angle  s  with  the  back  of  the  wall. 

It  is  assumed  that  the  triangular  prism  of  earth  above  some  plane,  the  trace  of  which  is  the 
line  AB,  will  produce  the  maximum  pressure  on  the  wall  and  on  the  earth  below  the  plane,  and 
that  in  turn  the  prism  will  be  supported  by  the  reactions  of  the  wall  and  the  earth:  Let  OtV 
represent  the  weight  of  the  prism  A  BE,  the  length  of  the  prism  being  assumed  equal  to  unity, 
let  OP  be  the  reaction  of  the  wait,  and  OR  be  the  reaction  of  the  earth  below. 

Now  the  forces  OW,  OP,  and  OR  will  be  concurrent  and  will  be  in  equilibrium;  OP  and  OR 
will  therefore  be  components  of  OW.    When  the  prism  A  BE  is  just  on  the  ptunt  of  moving  OP 
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will  make  on  angle  with  a  normal  to  the  back  of  the  wall  equal  to  ■  (difEerent  autboritiea  aasume 
values  □(  *  from  lero  to  ^',  the  angle  of  friction  of  earth  on  maaoniy,  or  ^,  the  angle  at  repoae  at 
earth);  while  OR  will  make  an  angle  with  the  nonnal  to  the  plane  of  rupture  AE  equal  to  #. 
Let  P  represent  the  presaure  OP  againat  the  wall,  W  represent  the  weight  <rf  the  priam  of  earth, 
and  V  the  weight  per  cu.  ft. 


In  the  triaiKle  OWE  angle  WOR  -  i  -  «,  and  angle  ORW  -»  +  *+■-*.  Through  E 
draw  B  N,  making  the  angle  AEN  -  e  +  ^+%-  x  with  A  E.  Then  the  triangle  AEN  is 
wmilar  to  triai^le  ORW,  and 


But  H' equals  wwMiriowgk-lBE  -  ^-AB-BEtaa  (8  -  I},  and 

„       ,       .    ,        .,  ABBBEN 

P  -  )io-sm  (9  -  i) j^ (4) 

Now  P  varies  with  the  angle  x,  and  will  have  a  maximum  value  for  some  value  of  *,  which 
may  be  found  by  differentiating  (4)  and  placing  the  result  equal  to  lero. 
Differentiating  and  substituting  in  (4)  and  reducing  we  have 

p  .   !„.« ^^'  »   -  *'  (0 

am"  9.s.n  (9  +  «)  ^^  .  +  -^  sin  (0  +  *)'sin  (0  -  i)  ) 
-  iw-A'-  K  (6) 

which  is  the  general  formula  for  the  pressure  on  a  retaining  wall. 

Now  if  «  in  (s)  is  ni^de  equal  to  4',  the  angle  of  repose  of  earth  on  the  wall, 

""'  0  - ») 


-  iw-h'  - 


"'""^'  +  *H'+A'sin(e  +  *')-sin(e-j); 

which  is  Cain's  formula  (20)  in  another  form,  (',,,,.,  I ,  - 


If  >  in  (j)  ii  made  equal  U 


GRAPHIC  METHOD. 

i,  and  9  made  equal  to  90*1 


which  is  RankJnf'"  formula  (a)  in  another  form. 
If  ■  in  (9)  i»  made  equal  to  sero, 

p.^..„ ■""-*) 


— (■WSfS^f^)' 


which  give*  the  normal  presaure  o 
If  (  in  (9)  —  90°, 


a  wall. 


(■W'°"t'r")' 

(I  +  Bin  «)' ' 


-  iwA*  tan'  (45"  ■ 


(11) 
(w) 


which  ia  Raokine's  formula  (i)  for  a  vertical  wall  without  aurchaige. 

GnpUc  Method. — If  the  angle  i,  the  angle  between  the  back  of  the  wall  and  a  normal  to 
the  wall,  it  known,  the  resultant  preasure  on  a  wall  may  be  calculated  by  a  graphic  method, 
F^.  S>  baaed  on  the  "theory  of  a  wet^  of  maximum  thrust."  The  graphic  method  will  be 
described — theprD(rf<tf  the  method  ia  given  in  "The  Dengn  of  Walls,  Bina  and  Grain  Elevators." 


Fig.  5. 

In  Fig.  5  the  retaining  wall  A  B  suat^ns  the  pressure  of  the  filling  with  a  surcharge  <  and 
an  angle  of  repose  ^.     It  ia  required  to  calculate  the  resultant  pressure  F. 

The  graphic  solution  ia  aa  fcdlows:  Throi^h  B  in  Fig.  5  draw  BM  making  an  ar^e  with  BF, 
the  normal  to  AD,  equal  to  X  -  0  +  s  —  90°,  the  angle  that  P  ntakes  with  the  horizontal.    With 
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diameter  AD  describe  an:  A  CD.  Draw  MC  normal  to  AD  and  with  if  ai  ft  center  and  a  mdiua 
AC  describe  arc  CN.  Then  A  N  ^  y,  AM  -  6  and  y  -  Va^.  Draw  BN  parallel  to  BK 
With  JV  as  a  center  and  radiua  E  N,  describe  arc  £5.  Then  X  £  is  the  trace  of  the  plaae  al 
rupture,  and  F  —  area  SEN-w. 

Cain's  Foimulaa.' — Professor  William  Cain  asBumes  that  the  angle  ■  is  equal  to  ^',  tbe 
angle  of  friction  of  tlie  filling  on  the  back  of  the  wall.     By  Bubstituting  in  (5)  we  liave  for  a 

Vertical  WaU  WUh  Lmt  Surfaee.  *  -  o. 


'  \m  +  1  /  cos  *' 


4  -  *',  then  n 

„    ,^sin(*  +  *')'Bm# 
■  v'a'sin  ♦,  and 

♦'  —  0,  then 

''"'"*'(.  +  d.,/;). 

(13) 


(14) 


i'-lB»'-u.n-(45"-j-)  (IS) 

Vertital  Watt  WiA  Surcliaree  -  a. 

-^"{^^y^'  <■« 


lsin(»  +  *')-«n(»-<) 
\  cos  ♦'■cos! 

Ha-*. 

p-Jw-ft^g^l  (17)  I 

If  ^'  ■>  o,  and  i  —  t, 

P  -  kw¥-Qasf*  (18) 

Inclined  WaU  With  Eorismtat  Surface. 


— "-(ijv^y 


_     I  sin  (»  +  »')■  sin  » 
"Vsin  (*'  +  »)-sin9 
Inclined  Wall  WiA  Surcharge  -  S. 

^*"*V(«  +  i)-«n9i  sin  (♦'  +  «) 


j  3in(»  +  »')-Bin{»- J) 
\  an  (♦'  +e)-9in  (fl  -J) 

Wall  With  Loaded  FnUng.— In  Fig.  6,  the  filling  is  loaded  with  a  uniformly  distributed  load. 
Calculate  A]  by  dividing  the  loading  per  eq.  ft.  by  ir.  Let  h  +  ki  —  H.  Then  the  resultant 
pressure  for  a  wall  with  height  H,  will  be 

Pt-iuiIPK  (21) 

and  the  resultant  pressure  for  a  wall  with  he^jht  ki,  will  be 

Pi  -  iiD-fci'-iC  (aa) 

*  Professor  Rebhann  makes  the  same  assumptions  and  uses  the  graphic  method  of  Fig.  5. 
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The  prcMure  on  the  wall  AD  will  be 
and  the  pc»nt  oE  application  ib  through  the  center  of  gravity  of  ADCE,  which  makes 

^'  -  * H  +  k^ <^*' 


.iy--i^^^^?5r^ 


Fig.  6. 

WaUi  Wldi  N^atiTe  Snrchai^. — For  the  calculation  of  the  presaures  on  retaining  walls  with 
negative  aurchai^,  1  n^ative,  see  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Elevators," 
second  edition. 

STABHITT  of  KSTAIHIHG  walls.— a  retaining  wall  must  be  suble  (i)  against 
overtuming,  (3)  against  sliding,  and  {3)  against  crushing  the  maaonry  or  the  foundation. 

The  factor  of  safety  of  a  retaining  wall  is  the  ratio  of  the  weight  of  a  filling  having  the  same 
angle  di  internal  friction  that  will  just  cause  failure  to  the  actual  weight  of  the  filling.  For  a 
factor  of  safety  of  2  the  wall  would  just  be  on  the  point  of  failure  with  a  filling  weighing  twice 
that  for  which  the  wall  ts  built. 

I,  Omtiiniiiig. — In  Fig.  7,  let  P,  represented  by  OP",  be  the  resultant  pressure  of  the  earth, 
and  W,  represented  by  OW,  be  the  weight  of  the  wall  acting  through  its  center  of  gravity.  Then 
£,  represented  by  OS.,  will  be  the  resultant  pressure  tending  to  overturn  the  wall. 

Draw  OS  through  the  point  A.  For  this  condition  the  wall  will  be  just  on  the  p<Hnt  of 
overturning,  and  the  factor  of  safety  against  overturning  will  be  unity.  The  factor  of  safety 
for  £  -  0J{  wiU  be 

/,  -  SWIKW  (as) 

3.  S&dlng, — In  Fig.  7  construct  the  angle  Hx  G  equal  to  4',  the  ar^le  of  friction  of  the  masonry 
on  the  foundation.  Now  if  E  passes  through  I,  and  takes  the  direction  OQ,  the  wall  will  be  on 
the  point  of  sliding,  and  the  factor  of  safety  against  sliding, /•,  will  be  unity.  For  E  —  OR,  the 
factor  of  safety  against  sliding  will  be 

/.  -  QWIRM  (26) 

Retaining  walls  seldom  fail  by  slidii^. 

The  factor  of  safety  against  sliding  is  sometimes  given  as 

/.-|t..,'.  (»7) 

where  H  is  the  horizontal  component  of  P.     Equations  (36)  and  (37)  give  the  same  values  only 
where  the  resultant  P  is  horizontal. 

3.  Crushing. — In  Fig.  7  the  load  on  the  foundation  will  be  due  to  a  vertical  force  F,  which 
produces  a  uniform  stress,  p\  —  J'/d,  over  the  area  of  the  base,  and  a  bending  moment  ■■  F-b, 
which  produces  compresuon,  pt,  on  the  front  and  tension,  Pt,  on  the  back  of  the  foundation. 
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The  sum  of  the  teiuile  atreMM  due  to  bending  roust  equal  the  aum  of  the  compreastve  streBses, 
■■  iptd.    These  stresses  act  as  a  couple  through  the  centers  of  gravity  of  the  stress  triangtes 
each  side,  and  the  reusting  moment  is 

M'-ip,-d-i4-iPfd'  (28) 


a-^ 


Fig.  7. 
But  th«  reusting  movement  equals  the  o' 


,11-^1 


j,-jjjjt^i^~&g 


The  total  si 


n  the  foundation  then  is 


/•  -  f  J  *  ft  -  ^(1  *  6i/<0  (30) 

Now  if  6  V  t^j,  we  will  have 

lo  order  therefore  that  there  be  no  tendon,  or  that  the  compression  never  exceed  twice  the 
average  stress,  the  resultant  should  never  strike  outside  the  middle  third  of  the  base. 

If  the  resultant  strikes  outside  of  the  middle  third  of  a  wall  in  which  the  masonry  can  take 
no  tension,  the  load  will  all  be  taken  by  compresdon  and  can  be  calculated  as  follows ; 

In  Fig.  8  the  resultant  F  will  pass  through  the  center  of  gravity  of  the  stress  diagram,  and 
will  equal  the  area  of  the  diagram. 

J? -If. a 


**-- 


3* 


(31) 


which  pves  a  larger  value  of  p  than  would  be  given  if  the  masonry  could  take  tennon. 

General  Principles  of  Design. — The  overturning  moment  of  a  masonry  retaining  wall  of 
gravity  section  depends  upon  the  weight  of  the  filling,  the  ai^le  of  internal  friction  of  the  fillii^, 
the  EurchacKe,  and  the  height  and  shape  of  the  walL    The  resietii^  moment  depends  upon  the 
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vns^t  of  the  maioiuy,  the  width  of  the  foundation,  and  the  cnMA-sectioD  of  the  wall.  The  moM 
ecoQOtnical  aectton  for  a  masonry  retaining  wall  ia  obtained  when  the  back  alope*  toward  the 
filling.  In  cold  localities,  however,  this  form  of  section  may  be  displaced  by  heaving  due  to  the 
action  of  frost,  and  it  is  usual  to  build  retaining  walls  with  a  slight  batter  forwards.  The  front  of 
the  wall  is  usually  built  with  a  batter  of  from  i  in.  to  I  in.  in  12  in.  In  order  to  keep  the  center 
of  gravity  of  the  wall  back  of  the  center  of  the  base  it  is  necessary  to  increase  the  width  of  the 
wall  at  the  base  by  adding  a  projection  to  the  front  side.  Where  the  wall  is  built  on  the  line 
of  a  right  of  way  it  is  sometimes  necessary  to  increase  the  width  of  the  base  by  puttii^  the  pro- 
jection on  the  rear  side,  making  an  L-shaped  wall.  The  weight  of  the  filling  upon  the  base  and 
back  of  the  wall  adds  to  the  stability  of  the  wall.  Where  the  wall  is  built  to  support  an  era- 
baokraeat  expenuve  to  excavate,  it  is  often  economical  to  make  the  wall  L-sbaped,  with  ah  the 
projection  on  the  front  side. 

In  calculating  the  thrust  on  retaining  walls  great  care  must  be  exercised  ia  selecting  the 
proper  values  of  to  and  <P,  and  the  conditions  of  surcharge.  It  will  be  seen  friMn  the  preceding 
I  that  the  value  of  the  thrust  increases  very  rapidly  as  ^  decreases,  and  as  the  surcharge 
Where  the  wall  is  to  sustain  an  embankment  carrying  a  railroad  track,  buildii^s, 
or  other  loads,  a  proper  allowance  must  be  made  for  the  surcharge. 

The  filling  back  of  the  wall  should  be  deposited  and  tamped  in  approximately  horizontal 
layers,  or  with  layera  sloping  back  from  the  wall;  and  a  layer  of  sand,  gravel  or  other  porous 
material  should  be  deposited  between  the  filling  and  the  wall,  to  drain  the  filling  downwards. 
To  insure  drainage  of  the  filling,  drains  should  be  provided  back  of  the  wall  and  on  top  of  the 
footing,  and  "weep-holes"  should  be  provided  near  the  bottom  of  the  wall  at  frequent  intervals 
to  allow  the  water  to  pass  through  the  wall.  With  walls  from  15  to  25  ft.  high,  it  is  usual  to  use 
"weepers"  4  in.  in  diameter  placed  from  15  to  30  ft.  apart.  The  "weepers"  should  be  connected 
with  a  longitudinal  drain  in  front  of  the  wall.  The  filling  in  front  of  the  wall  should  also  be 
carefully  drained. 

The  permiaaible  point  at  which  the  resultant  thrust  may  strike  the  base  of  the  foundation 
will  depend  upon  the  material  upon  which  the  retainii^  wall  rests.  When  the  foundation  is 
■olid  rock  or  the  wall  is  on  piles  driven  to  a  good  refusal,  the  resultant  thrust  may  strike  slightly 
outside  the  middle  third  with  little  danger  to  the  stability  of  the  wall.  When  the  retaining  wall, 
however,  rests  upon  compressible  material  the  resultant  thrust  should  strike  at  or  inside  the  center 
of  the  base.  Where  the  resultant  thrust  strikes  outside  of  the  center  of  the  base,  any  settlement 
U  the  wall  wilt  cause  the  top  to  tip  forward,  causing  unsightly  cracks  and  local  failure  in  many 
cases,  and  total  failure  where  the  settlement  is  excessive.  Where  extended  footings  are  used  it 
may  be  necessary  to  use  some  reinforcing  steel  to  prevent  a  crack  in  the  footing  in  line  with  the 
face  of  the  wall. 

Plain  masonry  walls  should  be  built  in  sections,  the  length  dependiI^;  upon  the  height  of  the 
wall,  the  foundation  and  other  conditions. 

Under  usual  conditions  the  length  of  the  sections  should  not  exceed  40  ft.,  30  ft.  sections 
being  preferable,  and  in  no  case  should  the  length  of  the  section  exceed  about  three  times  the 
he^ht.  Separate  sections  should  be  held  in  line  and  in  elevation,  either  by  grooves  in  the  masonry 
or  by  means  of  short  bars  placed  at  intervals  in  the  cross-section  of  the  wall,  fastened  rigidly  in 
one  section  and  sliding  freely  in  the  other.  The  back  of  the  expansion  jinnts  should  be  water- 
proofed with  3  or  4  layers  of  burlap  and  coal  tar  pitch.  The  burlap  should  be  about  30  in.  wide, 
and  the  pitch  and  the  burlap  should  be  applied  as  on  tar  and  gravel  roofs.  The  joints  between 
the  sections  of  a  retaining  wall  on  the  front  side  should  be  from  )  to  I  of  an  in.  in  width,  and 
■hould  be  formed  by  a  V-shaped  groove  made  of  sheet  steel  and  fastened  to  the  forms  while  the 
concrete  is  being  placed.  Where  there  is  danger  of  the  water  in  the  filling  percolating  through 
the  wall  or  in  an  alkali  country,  the  surface  of  the  back  of  the  wall  should  be  coated  with  a  water- 
proof coating.  The  most  satisfactory  waterproof  coating  known  to  the  author  ia  a  coal  tar 
paint  made  by  mixing  refined  coal  tar,  Portland  cement  and  kerosene  in  the  proportions  of  16 
parts  refined  coal  tar,  4  parts  of  Pwtland  cement  and  3  parts  of  kerosene  oil.    The  Portland 
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cement  and  kerosene  Bhould  be  mixed  thoroughly  and  the  coal  tar  then  added.     la  cold  wea 
the  coal  tar  may  be  heated  and  additional  kerosene  added  to  take  account  of  the  evaporation. 
This  paint  not  only  covers  the  surface  but  combines  with  it,  so  that  two  or  three  <x)ats  are  so 
times  required.     While  the  surface  of  the  concrete  should  be  dry,  coal  tar  paint  will  adhere  to 
moist  or  wet  concrete.     Inbuildingretaining  walls  insections,  the  end  of  the  finished  section  should   ! 
be  coated  with  coal  tar  paint  to  prevent  the  adhesion  to  the  next  section. 

For  methods  of  waterproofing  masonry,  see  methods  of  waterproofii^  bridge  floois  in  Chap- 
ter IV. 

DESIOH  OF  RETAIHIHG  WALLS.— The  design  of  masonry  retaining  walls  will  be 
illustrated  by  the  design  of  the  retaining  walls  for  West  Alameda  Avenue  Subway,  taken  from 
the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  second  edition. 

Deaign  of  R«taiiiiii(  Walls  for  Wost  AUin»da  AvenuA  Subway,  Denier,  Colorado. — The 
height  of  the  walls  varied  from  S  ft.  to  29  ft.  3  in.,  while  the  foundation  soil  varied  from  a  compact  ' 
gravel  to  a  mushy  clay-  The  design  of  the  maximum  section,  which  rests  on  a  compact  gravel, 
will  be  given.  The  concrete  was  mixed  in  the  proportion  of  i  part  Portland  cement,  3  parts  sand 
and  5  parts  screened  gravel.  CrcMrker  and  Ketchum,  Denver,  Colo.,  were  the  consulting  engineers 
The  wall  is  shown  in  Fig.  9  and  in  Pig.  10. 

The  following  assumptions  were  made:  Weight  of  concrete,  150  lb.  per  cu.  ft.;  weight  trf 
filling,  HI  ~  100  lb.  per  cu.  ft.;  angle  of  repose  of  filling,  l)  :  I  (4  —  33°  40');  surcharge,  600  Ib^ 
per  sq.  ft.,  equivalent  to  6  ft.  of  filling;  maximum  load  on  foundation,  6,000  lb.  per  sq.  ft.  ' 

Stdutlon. — After  several  trials  the  following  dimensions  were  taken:   Width  of  coping  3  ft.    ! 
6  in.,  thickness  of  coping  I  ft.  6  in.,  batter  of  face  of  wall  i  in.  in  13  in.,  batter  of  back  of  wall    ' 
3i  in.  in  13  in.,  width  of  base  15  ft.  3(  in.  (ratio  of  base  to  height  —  0.53),  front  projection  of 
base  4  ft.,  other  dimenuons  as  shown  in  Fig.  9.     The  calculations  were  made  for  a  section  of  the 
wall  one  foot  in  length.  ' 

The  property  back  of  the  wall  will  probably  be  used  for  the  storage  of  coal,  etc.,  and  it  was 
assumed  that  the  surcharge  came  even  with  the  back  edge  of  the  footing  of  the  wall.  The  resultant 
preseute  of  tbe  filling  on  the  plane  A~^  was  calculated  by  the  graphic  method  of  Fig.  5  and  Fig.  6, 
and  was  found  to  be  P'  •<  17,390  lb.  The  weight  of  the  filling  in  the  wedge  back  of  the  wall  is 
W  —  i6,43S  lb.,  acting  through  the  center  of  gravity  of  the  filling.  The  resultant  of  P"  and 
If'  is  P  ■>  33,85a  lb.  —  the  resultant  pressure  of  the  filling  on  the  back  of  the  wall.  The  weight  , 
of  the  masonry  is  H'  —  33,144  lb.,  acting  through  the  center  of  gravity  of  the  wall,  and  the  re- 
sultant of  P  and  W  ia  E  —  53,510  lb.  —  the  resultant  pressure  of  the  wall  and  the  fillii^  upon 
the  foundation.  The  vertical  component  of  £  is  F  —  49,580  lb.,  and  cuts  the  foundation,  b  —  2.1 
ft.  from  the  middle. 

I.  Slabiiiiy  Against  Overlumini. — The  line  OD  in  this  case  is  nearly  parallel  to  the  line  QW 
which  brings  the  point  5  in  Fig.  9  at  a  great  distance  from  the  ptunt  W.  The  factor  ol  safety 
i^ainst  overturning  was  calculated  on  the  original  drawii^  and  found  to  be  /•  >  35. 

a.  Stability  Against  Sliding.— The  coefficient  of  friction  of  the  masonry  on  the  footing  will 
be  assumed  to  be  tan  ♦'  -  0.57  and  *'  —  30°.  Through  0,  Fig.  9,  draw  OQ,  cuttii^  the  base  of 
wall  5.4  at  6,  and  making  an  angle  4'  —  30°  with  a  vertical  line  through  6.  Then  the  factor  of 
safety  against  sliding  will  be 

/.  =  QM'/Rii  =  3.5 

This  is  ample  as  the  resistance  of  the  filling  in  front  of  the  toe  will  increase  the  resistance 
against  sliding. 

3.  Stability  Against  Crushing. — In  Fig.  9  tbe  direct  pressure  will  be  Pi  —  49,58o/i5.*i 
=  3.220  lb.  per  sq.  ft. 

The  pressure  due  to  bending  will  be 
^  E  A  6F-bld'  -  ^  (6  X  49,580  X  2.i)/23i.4  -  -^  2,700  lb.  per  sq.  ft.,  and  the  maximum 
pressure  is 

p  "  3,320  +  2,700  —  +  5,920  lb.  per  sq.  ft. 
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3,220  —  2,700  —  +  520  lb.  per  eq,  ft. 


The  allowable  preMure  was  6,000  lb.  per  sq.  (t.,  so  that  the  pressure  is  safe  for  a  compact  gravel. 
UTierB  the  walls  were  supported  on  the  mushy  clay  it  was  necessary  to  extend  the  projection  of 
the  footii%  on  tbe  front  side  and  to  bring  the  resultant  F  to  the  center  of  the  wall. 


F^G.  9.    Rbtaining  Wall,  West  Alaueda  Avbnub  Subway. 

4.  Upward  Pressure  on  Front  Pr<ijeciion  tif  Foundation. — Where  projectiona  are  used  on  the 
foundations  of  retaining  walls  it  may  be  necessary  to  reinforce  the  base  to  prevent  the  projection 
breaking  off  in  line  with  the  face  of  the  waU.  The  bending  moment  of  the  upward  pressure  about 
the  front  face  ol  the  wall  from  Fig.  9  is 

M  -  *(5.9«»  +  4.iao)  X  4  X  2.1  X  la 
•■  506,000  in-lb. 

The  tension  on  the  concrete  at  the  bottom  of  the  footii^  will  be 

/  -  M-ell  -  U-d/al  -  (506,000  X  27)/i57464 
—  88  lb.  per  sq.  in. 

Slice  tbe  ultimate  strength  of  the  concrete  in  tension  is  approxiniately  200  lb.  per  sq.  in., 
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no  reinforcing  is  required.    However,  }  in.  □  bars  were  placed  i8  in.  centen  and  3  in.  from  tlie 
bottom  ol  the  foundation. 

Data. — The  ooefficienta  <A  friction  of  various  materials  are  given  in  Table  I.  The  angle*  of 
repose  of  different  materials  are  given  in  Table  II.  The  conditions  of  surface  and  amount  of 
moisture  cause  wide  variations  in  the  coefficients.  Additional  data  for  the  design  of  retaining 
waUs  are  given  in  Tables  III  to  VI. 

TABLE  L 

COEFFICIBNTS  OF  FRICTION. 


TABLE  II. 
AN<^E3  of  RbPOSE,  <t>,  FOR  Matekuls. 


HsteriiU). 

Mstoisls. 

Dry  matonry  on  dry  mnonry 

Masonry  on   masonry   with   wet 

0.6    to  0.7 
0.7S 

•0.3    too.? 
0.2    too.s 

O-S    to  0.6 

0-33 

0.25  to  1.0 

0.7 

0.65 

Maioory  on  moist  clay 

Hard  brick  00  hard  brick 

Concrete     blocks     on     concrete 
blocks 

UaloisLi. 

* 

Mtaisls. 

4 

30'  to  +s- 

K  ^  K 

JO'  to  45" 
IS»  to  30° 

JO-  to  «• 

Gr^: :::::"::::'.:' :::::".:: 

TABLE  III. 
Allowable  Pbessube  on  Foundations. 


PRSsun  la  Taoi  per  Sq.  Ft. 


Soft  clay 

Ordinsry  day  and  dry  sand  miied  with  clay. 

Dry  aand  and  clay 

Hard  clay  and  linn,  coarse  sand   

Firm,  coanc  sand  and  gravel 

Bed  rock 


3  to* 

Jto6 
to  8 
15  and  up. 


TABLE  IV. 
Allowable  Prbssuke  on  Masonkt. 


MaUIiala. 

Pnssace  to  Tons  pa  Sq.  Ft. 

12 

•s 

10 

»S 
30 

»s 

10 

Paving  brick,  Portland  cement  mortar 

Rubble  masonry,  Portland  cement  mortar 

Sandstone,  first  claiB  masonry 

Limestone,  first  class  masonry 

Portland  cement  concrete,  l-i-+ 

Portland  cement  concrete,  1-3-6 
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TABLE  V. 
WEicar,  SFBcmc  Gkavtty  and  Cki;shikg  Stssngtb  op  Masonkt. 


M».ri^ 

Welsht  In  Ftnmdi 
per  Cubic  Foot. 

SpedAc  GnWtjr. 

RkuiiIi  per  Square  Inch. 

180 

I6S 
i6s 
ISO 
140  to  ISO 
III 

li 

1.7 
3.7 

4,000  to  15,000 
6,000  to  10,000 
19/J00  to  33,000 
B,ooo  to  10,000 
8,000  to  10,000 
1,000  to   6,000 
i,sooto  4,000 
1,000  to   3,500 

Umeitone 

Piviag  brick,  Portlind  cement 

Stone  concrete,  Portlind  cement 

Qndcr  concrete,  Portland  cement 

TABLE  VI. 
Weight  of  Diffbbent  Matrkials. 


UatsUK 

Wt.  pB  Co.  Ft..  U). 

kUterlali. 

WL  per  Cu.  Ft..  Lb. 

7S  to   90 

90  to  100 

90  to  no 

S«d.wet 

110  to  I3S 
lOS  to  IM 

For  spedficatkioa  for  concrete,  plain  and  rcinfarced,  see  Chapter  VI. 

EXAMPLES  OF  KETAimnO  WALLS.— Details  of  aix  masonry  retaining  walb  with  a 
gravity  section  are  given  in  Fig.  10.  These  retaining  walls  represent  the  best  practice.  Details 
of  four  leinfon^  concrete  retaining  walls  are  given  in  Fig.  Ii.  For  additional  examples  see 
the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 

The  contents  of  standard  concrete  retaining  walls,  as  designed  by  the  Illinois  Central  Rail- 
nnd,  are  given  in  F^.  13. 

CoocKt*  Ratsiiilng  Valb.  Ketiiods  of  ComtntcUm  toaoM. — Forms  (or  a  retaining  wall 
may  be  built  in  aectiona,  or  may  be  built  up  each  time  they  are  used.  The  former  method  is 
much  the  cheaper,  especially  (or  plain  concrete  walls  where  the  sections  between  expan»on  joints 
are  of  equal  lei^^th.  The  forms  used  on  the  C.  B.  &  Q.  R.  R.  walls  shown  in  Fig.  13  are  shown 
in  Fig.  14.  The  studs,  coping  and  bottom  forms  for  the  face,  and  the  back  fonnii^  are  sectional, 
while  ordinary  sheeting  is  used  between  the  coping  and  bottom  formE.  No  attempt  was  made 
to  use  sectional  fonns  on  the  face  of  the  wall,  because  the  sections  soon  become  badly  warped, 
making  a  roi^h  wall.  The  concrete  had  a  tendency  to  lift  the  forms  and  they  were  tied  to  bars 
imbedded  in  the  footings  as  shown.  The  sectional  forms  were  13  ft.  o  in.  long,  while  the  studs 
were  spaced  3  ft.  o  in.  center  to  center. 

The  forms  for  the  Illinois  Central  R.  R.  retaining  wall  shown  in  Fig.  10  are  shown  in  Fig.  15. 
The  forms  were  built  in  sections  54  ft.  long.  The  forms  were  cross-braced  by  )  in.  rods  spaced 
7  ft.  8|  in.  center  to  center  as  shown.  When  the  forms  were  taken  down  the  ends  of  these  rods 
were  unscrewed,  the  main  portion  of  the  rod  being  left  in  the  wall.  The  forms  were  made  of 
3  in.  plank  surfaced  on  the  inside. 

The  forms  used  by  the  Chicago  and  Northwestern  Ry.  on  track  elevation  in  Chicago  are 
shown  in  Fig.  16.  The  forms  were  built  in  sections  35  ft.  long.  Tlie  3  in.  X  8  in.  braces  were 
used  to  hold  the  sides  of  the  forms  apart  and  were  removed  as  the  concrete  was  put  in  place.  The 
3  in.  pipe  used  to  cover  the  rod  bracing  was  old  boiler  flues  and  rejected  pipe. 

Ingredieiitt  in  Concrete. — The  proportions  erf  concrete  materials  should  be  stated  in  terms 
of  the  volume  of  the  cement.  The  volume  of  one  barret  or  four  bags  of  cement  is  taken  as  3.8 
cu.  ft.,  and  the  sand  and  aggregate  are  measured  loose.  Concrete  mixed  one  part  cement,  3  parts 
sand,  and  4  parts  stone  is  commonly  called  1:3:4  concrete.    The  propoitione  should  be  such 
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Fig.  10.    ExAiipLES  of  Masonry  Rstaining  Walls. 
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that  there  should  be  more  than  enough  cement  paste  to  fill  the  voids  in  the  sand,  and  more  thaa 
enough  mortar  to  fill  the  voids  in  the  stone.  With  voids  in  sand  and  stone  varying  fram  40  to  45 
per  cent,  the  quantities  of  the  ii^redients  are  closely  given  by  Fuller's  rule,  where 

e  —  number  of  parts  of  cement; 

J  —  number  of  parts  of  sand; 

e  —  number  <^  parts  of  gravel  or  stone. 


Then- 


••  p  m  number  of  barrels  of  Portland  cement  required  for  one  cu.  yd.  concrete. 


c  +  s  +  t 

^ — - — ^  —  number  of  cu.  yd.  sand  required  for  one  cu.  yd.  concrete. 
t '  >■  number  of  cu.  yd.  gravel  or  stone  required  for  one  cu.  yd.  concrete. 


^vr- 

/    ^'V    \ 

J                          ■■■" --,■----.-' 

"    :  iA,E:;;^:::  ::::::::::::::::: 

%^~.'-. 

^              i     Z    !     4    S     S      7     g     t     IS                 '••■"••"                     '"'^'Z^^- 
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Pig.  13.    Contents  of  Concrbtb  Rbtaimikg  Walls,  Illinois  Central  Railroad. 

The  materials  for  one  cu.  yd.  of  I  :  3  :  4  concrete  will  then  be:  Portland  cement  1.57  bands, 
sand  0.44  cu.  yd.,  gravel  or  stone  0.88  cu.  yd.  I 

The  proportions  for  plain  walls  commonly  vary  from  I  :  3}  :  5  to  I  :  3  : 6,  while  the  pr^  | 
portions  for  reinforced  walla  vary  from  I  :  3  :  4  to  1  :  3i  ;  5. 

Miring  and  FUdng  Concrete. — ^Por  mixii^  concrete  a  batch  mixer  in  which  the  materials 
can.  be  definitely  proportioned  and  thoroughly  mixed  is  to  be  preferred.  In  cold  weather  the 
concrete  materiak  should  be  heated  by  the  addition  of  boiling  irater  to  the  mixer.  To  prevent 
scalding  the  (xment  the  sand,  aggregate  and  hot  water  should  first  be  placed  in  the  mixer  and, 
after  givii^  it  several  turns  to  remove  the  frost,  the  cement  should  be  added  and  the  mixiog 
completed. 

The  author  uses  the  following  specifications  for  placing  concrete  in  cold  or  freezing  weather. 
"When  the  temperature  of  the  air  during  the  time  of  mixing  and  placing  is  below  40°  Fah.  the 
water  used  in  mixing  the  concrete  shall  be  heated  to  such  a  temperature,  that  the  temperature 
of  the  concrete  when  deposited  in  the  forms  shall  not  be  less  than  60°  Fah.  Care  shall  be  used 
not  to  scald  the  cement." 

Where  the  wall  is  in  a  cut  and  the  materials  can  be  delivered  on  the  bank,  the  mixer  may  be 
installed  on  the  bank  above  and  the  concrete  wheeled  or  chuted  to  place.  Concrete  should  not 
be  chuted  in  freedi^  weather.    In  building  the  West  Alameda  Avenue  Subway  retaining  walls,    I 
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re  taken  from  the  cut,  the  concrete  was  mixed  in  mixers 
and  the  concrete  was  raised  in  a  sidp  elevator  and  chuted 


Denver,  Cola.,  the  gravel  and  sand 
installed  at  the  foot  of  movable  towe 

On  railroad  work  the  mixer  may  be  mounted  on  a  flat  car,  the  materials  may  be  delivered  on 
other  cars,  and  the  concrete  is  dumped  or  chuted  directly  into  place. 


Fig.  13,    Retaining  Wall,  C.  B. 
&  Q.  R.  R. 


Fig.  14.    FoKMS  for  Retaining  Wall,  C. 
B.  &  Q.  R.  R. 


SPECIFICATIONS  FOR  CONCRETE  RETAimNO  WALLS.— The  followins  extracts 
have  been  taken  from  the  spedfications  prepared  by  Crocker  and  Ketchum,  Consulting  Ei^neers, 
for  the  concrete  retaining  walls  for  the  West  Alameda  Avenue  Subway,  Denver,  Colo. 

16.  MATERIALS.  CemenL^ — The  cement  shall  be  furnished  by  the  Companies  on  board 
cars  or  in  store  houses  at  the  site  of  the  work  as  required.  The  cement  shall  be  Portland,  and 
shall  meet  the  requirements  of  the  Standard  Specifications  of  the  American  Society  for  Testing 
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ite.~The  fine  aggregate  shall  pass  a  screen  with  i  ii 
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tin.  mesli.  The  sand  and  gravel  shall  be  obtained  from  the  excavation  of  the  open  cut  of  the 
ubway.  The  Consulting  En^neera  reserve  the  right  to  change  the  proportions  of  sand  tutd 
■creened  pravel  (S34  and  S35)  from  time  to  time,  as  may  be  necessary  to  secure  a  dense  concrete 
of  denredconustency.  Payment  to  the  Contractor  for  the  screening  will  be  made  on  the  ba«s 
of  unit  price  per  cubic  yard  of  gravel  measured  after  screening, 

18.  Water. — The  water  used  in  mixing  concrete  shall  be  clean  and  reasonably  clear,  free 
from  acids  and  injurious  oils,  alkalies  or  vegetable  matter. 

19,  Lumber. — Lumber  for  forms  shall  have  a  nominal  thickness  of  a"  before  surfacing,  and 
shall  be  of  a  good  Duality  of  Douglas  fir  or  Southern  long  leaf  yellow  pine.  Lumber  used  for 
forma  of  face  work  snail  be  dressed  on  one  side  and  both  et^s  to  a  uniform  thickness  and  width. 
Lumber  for  backing  and  other  rough  work  may  be  unsur^ced  and  of  an  inferior  grade  of  the 
kinds  above  specified. 

30.  Rdmordng  SteeL — All  reinforcing  steel  shall  be  plain  bars,  and  shall  comply  with  the 
J  :ifications  for  structural  steel  as  given  in  the  Standard  Specifications  of  the  American  Railway 
.ngineerii^  Association. 

ai,  EXCAVATIOH.— The  subway  is  being  excavated  by  the  Companies  but  the  contractor 
Aall  make  all  necessary  excavations  for  wall  and  pedestal  footing,  and  shall  furnish  all  necessary 
■beeting  and  supports  and  bracing  to  hold  the  forms  in  place  duni^  the  construc^on  of  the  work. 
17  ,,,„z=..,CaK)^Ic 
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The  cost  of  the  necessary  sheeting  and  Buppoits  shall  be  included  in  the  unit  price  for  excavation. 
The  Contractor  shall  provide  all  pumps  and  other  equipment  incidental  to  such  excavation. 

33.  All  excavation  shall  be  measured  in  vertical  prisma  whose  end  areas  are  of  sufficieDl 
size  to  include  the  footing  courses,  and  the  sheeting  surrounding  the  same.  "Wet  excavation" 
■hall  include  all  excavation  below  the  suriace  of  standing  water  in  open  pits. 

33.  COHCRETE.     Huhina  Mizinf!. — Machine  mixers,  preferably  of  the  batch  type,  shall 
be  used  except  where  the  volume  of  concrete  to  be  mixed  is  not  sufficient  to  warrr-*  -'— =-  — 
The  requirements  are  that  the  product  delivered  shall  be  of  the  specified  proporti 
sistency,  and  thoroughly  mixed. 


t  their 


24.  Mizlug  by  Httnd. — -When  it  is  necessary  to  mix  by  hand  the  mixing  shall  be  done  on  n-ater 
tight  platforms  of  sufficient  size  to  accommodate  men  and  materials  for  the  progressive  and 
rapid  mixing  of  at  least  two  batches  of  concrete  at  the  same  time.  Batches  shall  not  exceed  one- 
half  yard.  The  mixing  shall  be  done  as  follows:  The  fine  aggregate  shall  be  spread  evenly  upon 
the  platform,  then  the  cement  upon  the  line  a^egate  and  these  mixed  thoroughly  until  of  an  I 
even  color.  Then  add  the  coarse  a^regate  which,  if  dry,  shall  first  be  thoroughly  wet  down. 
The  mass  shall  then  be  turned  with  shovels  until  thoroughly  mixed  and  all  the  aggregate  covered 
with  mortar,  the  necessary  amount  of  water  being  added  as  the  mixing  proceeds. 

3$.  CoiiBlstenc7. — The  material  shall  be  mixed  wet  enough  to  produce  a  concrete  of  such  . 
consistency  that  it  will  flow  into  the  forms  and  about  the  metal  reinforcement,  and  which  on  the 
other  hand  can  be  conveyed  from  the  place  of  mixing  to  the  forms  without  the  separation  of  the  I 
coarse  aMregate  from  the  mortar, 

26.  KBtempering. — Retempcring  mortar  or  concrete,  u  e.,  remixing  with  water  after  it  has 
partially  set  wiU  not  be  permitted.  ,  -  1 
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37.  PIftdsg  of  CoiKTSto. — Concrete  after  tlie  addition  of  water  to  the  mix,  shall  be  handled 
rapidly  from  the  place  of  mixinK  to  the  place  of  final  depodt,  and  under  no  circuinKtances  shall 
concrete  be  used  that  has  partially  set  befotx  final  placing. 

as.  The  concrete  shall  be  deposited  in  auch  a.manner  aa  will  prevent  the  separation  of  the 
ingredients  and  permit  the  most  thorough  compacting.  It  shall  be  compacted  by  working  with 
a  straight  shovel  or  slicing  tool  kept  mewing'  up  and  down  until  all  the  mgredienta  have  settled 
in  their  proper  place,  and  the  surplus  water  ia>  forced  to  the  surface.  All  concrete  must  be  de- 
posited in  horizontal  tayera  of  uniform  thickness  throughout.  Temporary  planking  shall  be  placed 
at  ends  of  partial  layers  so  that  the  concrete  shall  not  run  out  to  a  thin  edge.  In  placing  concrete 
it  shall  not  be  dropped  through  a  clear  space  of  over  6  ft.  vertical.  For  greater  heights  a.  trough 
or  other  auitable  device  must  be  used  to  deliver  the  concrete  in  place,  and  in  depositing  each 
batch  this  trough  or  other  device  must  first  be  carefully  filled  with  concrete  and  then  as  fast  as 
concrete  is  removed  at  the  bottom  it  shall  be  replenished  at  the  top. 

29.  The  work  shall  be  carried  up  in  alternate  sections  of  approidmately  33  ft.  in  length  as 
shown  on  the  plans,  and  each  aectbn  shall  be  completed  without  intermisuon.  In  no  case  shall 
work  on  a  section  stop  within  18  in.  of  the  top. 

30.  Before  depositing  concrete,  the  forms  shall  be  thoroughly  wetted,  except  in  freezing 
weather,  and  the  space  to  be  occupied  by  the  concrete  cleared  of  debris., 

31.  BxpAilsloii  J<^tB. — Expansion  joints  shall  be  provided  (sections  were  approximately 
32  ft.  long)  aa  shown  on  the  plane.  The  wall  shall  be  constructed  in  alternate  aections,  the  ends 
of  the  aections  being  formed  by  vertical  end  forma,  the  section  being  completed  as  though  it  were 
the  end  of  the  structure.  Before  placing  the  remaining  sections  the  end  forms  shall  be  removed 
and  the  surface  of  the  concrete  ahall  be  painted  with  coal  tar  paint,  composed  of  aixteen  (16) 
parts  coal  tar,  four  (i)  parts  Portland  cement  and  three  (3)  parts  kerosene  oil.  The  expansion 
joints  shall  be  finished  on  the  exposed  side  by  the  inaertion  in  the  forms  of  a  metal  mold  that  will 

K've  a  groove  1  in.  wide,  i  in.  deep  and  shall  have  a  draft  of  i  in.     The  wall  sections  shall  be 
eked  t<H:ether  by  means  of  bars  aa  shown  on  the  plans. 

32.  Forms. — Forms  shall  be  substantial  and  unyielding  and  built  so  that  the  concrete  shall 
conform  to  the  design,  dimenaiona  and  contours,  and  so  constructed  as  to  prevent  the  leakage  of 
mortar.  Where  comers  of  the  masonry  and  other  projections  liable  to  mjury  occur,  suitable 
moldings  shall  be  placed  in  the  angles  of  the  forms  to  round  or  bevel  them  o^  Material  once 
used  ia  forms  shall  be  cleaned  before  being  used  again. 

33.  The  forms  must  not  be  removed  within  36  hours  after  all  the  concrete  in  that  section 
has  been  placed;  in  freezing  weather  they  must  remain  until  the  concrete  has  had  sufficient  time 
to  become  thoroughly  set. 

34.  Proportloiiing. — In  proportioning  concrete,  a  barrel  or  4  sacks  of  Portland  cement  shall 
be  assumed  to  contain  3.8  cu.  ft.,  while  the  sand  and  gravel  shall  be  measured  loose  in  a  measuring 
vessel.     The  proportions  required  tor  concrete  are  as  follows: 

Forfootii^,  walls  of  retaining  walls,  abutments,  and  pedestals,  one  (i)  part  Portland  cement, 
three  {3)  parts  sand  and  five  {5)  parts  gravel.  For  bridge  seats  and  copings,  one  (i)  part  Portland 
cement,  two  (a)  parts  sand  and  four  (4)  parts  gravel. 

35.  The  tops  of  the  bridge  seats,  pedestals,  and  copings,  shall  be  finished  with  a  smooth 
surface  composed  of  one  (i)  part  Portland  cement  and  two  (2)  parts  sand  applied  in  a  layer  I  in, 
thick.     This  must  be  put  in  place  with  the  last  course  of  concrete. 

36.  Wator-Proofcig.— The  expansion  joints  in  the  retaining  walls  and  abutments  ahall  be 
water-proofed  as  follows:  After  the  forms  have  been  removed  and  the  concrete  is  thoroughly 
dried,  the  back  c^  the  wall  for  a  distance  of  18  in.  on  each  side  of  the  expansion  joints  shall  be 
mopped  with  hot  refined  coal  tar  pitch.  A  layer  of  burlap  shall  then  be  placed  so  as  to  cover  the 
expansion  joints,  and  the  burlap  shall  be  mopped  with  coal  tar  pitch.  In  the  same  manner  two 
additional  layers  of  burlap  shall  be  aiDplied,  making  a  3-ply  water- proofing. 

37.  Reinfordng  Bars. — Reinforcing  bars,  where  used,  shall  be  placed  3  in.  clear  from  the 
outside  surface  of  the  concrete,  and  shall  be  placed  in  the  position  shown  on  the  plans.  Care 
must  be  taken  to  insure  the  coating  of  the  metal  with  mortar,  and  a  thorough  compacting  of 
concrete  around  the  bars.     All  reinforcing  bars  shall  be  clean  and  free  from  all  dirt  or  grease. 

38.  Freezing  Weather. — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
unless  special  precautions  are  taken  to  avoid  the  use  of  materials  containing  frost  or  covered 
with  ice,  and  means  are  provided  to  prevent  the  concrete  from  freezing.  Where  the  temperature 
of  the  air  during  the  time  of  mixing  and  placing  concrete  is  below  40°  Fahr.  the  water  used  in 
mixing  the  concrete  shall  be  of  such  a  temperature,  that  the  temperature  of  the  concrete  when 
delivered  in  the  forms  shall  not  be  lower  than  60°  Fahr.  Special  precautions  shall  be  taken  not 
to  scald  the  cement. 

39.  Radiig  in  WBter, — Concrete  ahall  not  be  deposited  under  water  except  on  the  approval 
of  the  Consulting  Ei^neers.  Where  water  is  encountered  without  current,  but  in  such  quantity 
that  it  cannot  be  lowered  to  the  required  depth  and  maintained  there,  or  where  such  lowering 
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would  cause  further  difficulty,  concrete  may  be  depodtcd  throu^  trougtw  or  other  device  in 
manner  des^nated  above. 

40L  dMiaiag  Vf, — Upon  the  completion  of  any  section  of  the  work  the  Contractor  shall 
cemove  all  debria  caused  by  hit  operations  and  leave  the  work  ready  for  backfilling. 

SEFBREKCBS. — For  the  design  of  rrinforced  concrete  retaining  walla,  examples  of  plain 
ftnd  reinforced  concrete  retaining  walla,  detaila  of  conatruction,  and  the  theory  of  reinforced 
concrete,  see  the  author's  "The  Design  of  Walla,  Bins  and  Grain  Elevators."  For  a  discussion  of 
the  theory  of  the  pressures  in  granular  materials  and  semi-fluids,  see  Chapter  VIII,  Bins,  and 
Chapter  IX,  Grain  Elevators;  also  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Efe- 
vatora." 
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CHAPTER  VI. 
Bridge  Abutments  and  Piers. 

Introdncflon. — An  abutment  is  a  structure  that  supports  one  end  of  a  bridge  span  and  at  the 
aame  time  supports  the  embankment  that  carries  the  track  or  roadway.  An  abutment  also 
usually  protects  the  embankment  from  the  scour  of  the  stream. 

A  fMer  is  a  structure  that  supports  the  ends  of  two  bridge  spans.  Piers  must  be  designed 
(o  as  not  to  interfere  with  the  flow  of  the  stream,  and  care  must  be  used  to  prevent  undermining 
the  pier  by  the  scour  of  the  stream. 

TYPES  OF  ABUTHEHTS. — Masonry  abutments  may  be  clasufied  under  four  heads. 
Fig.  I,  (a)  straight  or  "stub"  abutments;  (6)  wing  abutments;  (,e)  U  abutments;  (d)  T  abutments. 

(a)  The  standard  straight  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.,  shown  in  Fig.  I,  b  an 
eiicellent  exampk  of  an  abutment  of  this  type.  The  earth  fill  is  allowed  to  flow  around  the  ends 
of  the  abutment  as  shown.  Straight  abutments  should  not  be  used  where  the  water  will  wash 
the  fin  away. 

(b)  A  standard  wing  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  I.  The  length 
of  the  wings  is  determined  by  the  width  of  the  roadway,  the  allowable  slope  of  the  sides  of  the 
embankment  and  the  angle  of  the  wings.  The  ai^le  that  the  wings  make  with  the  face  of  the 
abutment  ordinarily  varies  from  30  degrees  to  45  degrees  for  standard  conditions.  For  skew 
bridges  and  for  unusual  conditions  the  angle  of  the  wing  is  variable. 

(c)  A  standard  U  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  I.  This  is  a 
wing  abutment  with  the  wings  making  an  angle  of  90  degrees  with  the  face  of  the  abutment. 
The  wings  are  tied  together  by  means  of  old  railroad  rails  as  shown.  The  wing  walla  run  back 
into  the  fill,  which  flows  down  in  front  of  the  wings.  If  the  slope  is  liable  to  be  washed  away  by 
the  scour  of  the  stream  the  wii^  should  be  extended  farther  into  the  bank. 

(d)  A  standard  T  abutment  of  the  South  Bend  and  Mich^an  Southern  Railway  for  a  skew 
qian  is  shown  in  Fig.  1.  The  T  abutment  is  essentially  a  straight  abutment  with  a  stem  running 
back  into  the  fill;  the  stem  carries  the  roadway,  supports  the  abutment,  and  prevents  water  from 
fiadii^[  its  way  along  the  back  ol  the  abutment.  A  T  abutment  may  be  considered  as  a  U  abut- 
ment with  the  two  wings  in  one. 

STABIUTT  OF  BRIDOB  ABUTHBHTS  WITHOUT  WINGS.— A  bridge  abutment 
must  be  stable  (i)  against  overturning,  (3)  against  sliding,  and  (3)  a^inst  crushing  the  material 
on  which  the  abutment  rests,  or  the  masonry  in  the  abutment.  The  problem  of  the  design  of  a 
bridge  abutment  is  essentially  the  same  as  the  design  of  a  retaining  wall,  for  which  see  Chapter  V. 
The  metiiod  of  design  will  be  shown  by  giving  the  calculations  for  a  straight  concrete  abutment 
for  West  Alameda  Avenue  Subway,  Denver,  Colo. 

Design  ol  Concrota  Abutmont  for  Vost  Alameda  Av«ane  Subway,  Denver,  Colondo.— The 
hdght  of  the  abutment  is  31  ft.  6  in.  from  the  bottom  of  the  footing  to  the  top  of  the  bridge  seat, 
and  15  ft.  o|  in.  to  the  top  of  the  back  wall.  The  followii^  assumptions  were  made:  Weight  tA 
OHicrete,  150  lb.  per  cu.  ft. ;  weight  of  filling,  v  -  100  lb.  per  cm.  ft. ;  an^e  of  repose  of  the  filling, 
it  to  I  («  -  33'  4a');  surcharge  800  lb.  per  sq.  ft.,  equivalent  to  8  ft.  of  filling;  maximum  load 
OD  foundation  6,000  lb.  per  sq.  ft. 

Solution. — After  several  triah  the  dimenuons  given  in  Fig.  3  were  taken.  The  stability  of 
the  abutment  was  investigated  for  two  conditions:  (a)  with  a  full  live  and  dead  load  on  the  bridge 
and  on  the  filling,  and  (6)  with  no  live  toad  on  the  bridge  and  no  aurchai^  coming  on  the  filling 
above  the  wall,  it  being  assumed  that  a  locomotive  is  approaching  the  bridge  from  the  lieht,  and 
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lias  reached  the  point  a  in  (A),  Fig.  3.  The  weight  of  the  girders  and  the  live  load  was  assumed  aa 
jniformly  distributed  over  a  length  of  the  abutment  equal  to  the  distance  between  track  centers, 
ind  one  lineal  foot  of  wall  was  investigated. 

Case  (a). — The  pressure  of  the  fillir^  on  the  plane  B-7  was  calculated  as  in  Chapter  V, 
Fig.  9,  and  ia  P"  =  14,700  lb.,  acting  through  the  center  of  gravity  of  the  trapeioid  3-3-4-£. 
The  weight  of  the  filling  and  surcharge  is  Wt  +  Wt  ~  14,900  lb.,  which  when  combined  with  P" 
jivcs  the  resultant  pressure  of  the  filling  on  the  wall  —  P  —  30,900  lb.  The  pressure  P  ia  then 
»)mbined  with  the  weight  of  the  wall,  Wi  —  39,800  lb.,  and  with  the  dead  load  and  live  load 
From  the  girder  —  I3,8ao  lb.,  giving  the  resultant  pressure  on  the  foundation,  E  —  59,400  lb., 
and  acting,  b  ■■  1.4  ft.  from  the  center  of  the  wall,  and  F  —  57.900  lb. 

1.  StabiUly  Against  (hertuming. — The  resultant  E  is  nearly  vertical  and  well  within  the 
middle  third,  so  that  the  wall  is  amply  safe  against  overturning. 


io) 
Fig.  a.    Abutubnt  fob  West  Alaueda  Avenue  Subway,  Denver,  Colo. 

3.  StabUity  Against  Sliding. — Assuming  that  *'  =  30°,  then  the  coefficient  of  friction  will 
be  tan  4'  =  0.57.  Using  the  definition  of  factor  of  safety  given  in  equation  (27)  Chapter  V.  the 
resistance  of  the  wall  against  sliding  will  be  5?,5oo  X  0.57  =  33.765  lb.  The  sliding  force  is 
i*"  =  14,700  lb.,  and  the  factor  of  safety  is  32.765/14,700  -  2.33,  which  is  ample. 

3.  Pressure  on  Foundation. — The  pressure  on  the  foundation  will  be  p  =  Fjd  *  tF-b/d^ 
°  +  5,740  and  +  1,700  lb.  per  sq.  ft.,  which  is  safe. 

4.  Upward  Pressure  on  Front  Projection  of  Foundation.— Tht  base  will  be  investigated  on 
the  plane  7-8  to  see  that  the  upward  pressure  will  not  break  off  the  front  projection  of  the  founda- 
tion. The  bending  moment  of  the  upward  pressure  about  the  front  face  of  the  wai!  in  (a).  Fig.  3, 
will  be 
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U  -  1(5.740  +  4.690)4  X  3.1  X  13 

-  525,67a  in-lb. 
The  tenaioa  on  the  concrete  at  the  bottom  of  the  footing  will  be 

,      M^      M-d      535,673  X  a? 
•'"    /     "    3/    ■       157464 

—  93  lb.  per  sq.  in. 

The  footii^  ia  safe,  but  )  in.  O  rods  were  placed  18  in.  centers  and  3  in.  from  the  bottom  of 
the  foundation. 

CtM  (b). — The  solution  ia  the  same  as  for  (o)  except  that  the  live  load  from  the  girder  —  9.980    I 
lb.,  and  the  Hurcharge  load  1-3-5-6  -  Wj  —  6,630  lb,  were  omitted.    The  wall  ia  safe  for  over- 
turning.    The  factor  of  safety  against  sliding  is  from  equation   (37)  Chapter  V,  /■  —  41 .500 
X  0.57/14,700  =  1.6,  which  is  safe.     The  pressure  on  the  foundation  is  safe. 

The  back  wall  was  placed  after  the  bridge  seats  were  finished.  To  bond  the  back  wall  to 
the  abutment,  }  in.  □  rods  4  ft.  long,  spaced  18  in.  centers,  were  placed  in  two  rows  3  in.  from 
the  back  and  front  face,  one-half  of  the  length  of  the  rod  beii^  imbedded  in  the  main  wall. 

PRIHCIPLES  OF  DESIGN.~To  prevent  tension  on  the  back  mde  of  the  tooting  and  to  | 
make  sure  that  the  maximum  compression  on  the  front  side  of  the  footing  shall  not  be  greater 
than  twice  the  average  pressure,  the  resultant  of  the  thrust  of  the  fillii^,  the  weight  of. the  masonry, 
the  weight  of  the  bridge  and  the  live  load  muat  strike  within  the  middle  third  of  the  base.  Where 
the  abutment  rests  on  rock  or  solid  material  where  settlement  will  not  occur,  it  will  not  be  aerioiu 
if  the  resultant  strikes  a  little  outside  of  the  middle  third,  providing  the  allowable  piesiiire  on  the 
foundation  is  not  exceeded.  When  the  abutment  is  on  compressible  material  where  settlement 
will  take  place,  the  resultant  of  the  pressures  should  strike  at  or  back  of  the  center  of  the  base,  so 
that  the  abutment  will  not  tip  forward  in  settling.  It  is  standard  practice  to  use  piles  in  the 
foundation  for  abutments  resting  on  compressible  soil. 

For  the  design  of  wing  walls  see  the  design  of  Retainir^  Walls,  Chapter  V. 

In  addition  to  the  requirements  for  stability  abutments  should  satisfy  the  following  additional 
requirements. 

(a)  The  abutment  should  protect  the  bank  from  scour,  (b)  The  abutment  should  prevent 
the  embankment  drainage  from  washing  away  the  bank,  (c)  The  abutment  should  be  easily 
drained. 

Empirical  Dedgo. — A  common  rule  is  to  make  the  minimum  thickness  of  the  main  part  of 
the  abutment  not  less  than  iV  the  height  above  any  section;  and  project  the  footings  on  each 
side  as  may  be  required.  Empirical  methods  of  design  often  give  unsatisfactory  results  end  arc 
not  to  be  recommended. 

DESIOn  OF  BRIDGE  PIERS.— Bridge  piers  must  be  designed  (i)  for  the  total  vertical 
load  due  to  the  dead  load  of  the  span  and  the  live  load  on  the  span,  and  the  weight  of  the  pier; 
(3)  for  wind  pressure  on  the  pier  and  the  bridge;  (3)  to  unthstand  floating  drift  and  ice;  and  (4) 
to  take  the  loi^tudinal  thrust  due  to  stopping  a  car  or  train  on  the  bridge,  and  due  to  temperature 
when  the  rollers  do  not  move  freely.  The  wind  pressures  are  calculated  as  specified  in  speci- 
fications for  bridges,  and  are  assumed  to  act  in  the  vertical  line  of  the  center  of  the  pier;  on  the 
top  chord  tA  the  truss;  the  bottom  chord  of  the  truss;  6  or  7  feet  above  the  base  of  the  rail;  and  at 
the  center  of  gravity  of  the  exposed  part  of  the  pier.  The  total  wind  moment  ia  then  calculated 
about  the  leeward  edge  of  the  base  of  the  pier,  and  the  maximum  stresses  on  the  foundation  due 
to  direct  toad  and  wind  are  calculated  in  the  same  manner  as  the  calculation  of  the  pressures  of 


The  effect  of  the  current  of  the  stream  and  of  floating  ice  and  drift  are  difficult  to  calculate. 
The  pressure  of  a  flowing  stream  on  an  obstruction  is  given  by  the  formula 
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where  P  »  the  total  picssuic  on  the  surface; -m  —  a  coDBtant;  v>  ■■  weight  of  a  cul»c  foot  of 
water;  a  —  area  of  wetted  Eurface  nonnal  to  the  current  in  square  feet;  e  ~  velocity  of  current 
in  feet  per  second;  and  g  -  acceleration  due  to  gravity  -  32.3  feet.  The  value  of  m  varies  with 
the  shape  and  the  dimensioaa  of  the  pier.  Weisbach's  Mechanics  gives  the  following  data: — 
For  a  prism  three  times  as  long  as  broad,  m  -  1.33.  For  a  pier  five  or  sue  times  as  long  as  broad 
and  with  a  cutwater  having  plane  faces  and  an  ai^fle  of  30  degrees  between  the  cutwater  faces, 
m  —  0.4S.     FtH-a  square  pier,  m  —  i.aS,  and  for  a  circular  pier,  m  •=  0.64. 

The  maximum  pressure  due  to  floating  ice  will  be  the  crushing  strength  oi  the  ice,  which 
varies  from  400  to  800  lb.  per  sq.  in.  The  principal  danger  from  floating  ice  and  drift  is  that 
the  current  of  the  stream  will  be  deflected  downward  and  will  gouge  out  the  material  around 
and  under  the  pier  and  cause  failure.  To  prevent  this  it  is  quite  common  to  build  piers  with  a 
"break-water,"  "starkwater,"  "cutwater,"  or  nose  that  will  deflect  drift  and  ice,  or  to  put  in  a 
pile  protection  on  the  upstream  side  of  the  pier.  If  the  water  can  get  under  the  pier  the  buoyancy 
of  the  water  must  be  conddered  in  calculating  the  stability  of  the  pier.  If  there  is  danger  of 
scouring  then  it  is  well  to  deposit  targe  stones  and  riprap  around  the  base  of  the  pier. 

Ba.tt«r. — Piers  and  abutments  are  seldom  battered  more  than  one  inch  to  one  foot  of  vertical 
height,  or  less  than  one-half  inch  to  the  foot,  although  high  piers  are  sometimes  battered  only 
one-fourth  inch  to  one  foot. 

ALLOWABLE  PRESSURBS  OH  FOUNDATIONS.— The  allowable  pressures  on  founda- 
tions depend  upon  the  material,  the  drains^,  the  amount  of  lateral  support  given  by  the  adjacent 
material,  the  depth  of  the  foundation,  and  other  conditions,  so  that  it  is  not  possible  to  give  data 
that  will  be  more  than  an  aid  to  the  judgment.  If  properly  deseed  a  moderate  settlement  of 
some  particular  structure  may  do  no  harm,  while  a  less  settlement  in  another  structure  may  be 
disastrous.     Professor  I.  O.  Baker  gives  the  values  in  Table  I  in  his  "  Masonry  Construction." 
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Present  practice  is  more  nearly  given  by  the  values  in  Table  II.    Foundations  should  n 
be  ^aced  directly  on  quicksand. 

TABLE  II. 
Allowable  Bearing  on  Foondations. 


KtadofMsteriBl. 

Tod*  per  Sauace  Foot. 

3 
8 

Dry  land  and  dry  cUy  .    . 

Shslerocic 

*  Baker's  "  Masonry  Construction,"  John  Wiley  ft  Sons. 
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Mr.  E.  L.  CoTtheK  gives  the  Bummary.o[  the  preMures  on  deep  foundadona  in  Table  III. 

TABLE  III. 
ACTUAt  PBESSUBES  ON  Dkkp  Foundamoms.* 


Actual  PrMBures  which  Showed  No  Settlement.                                               | 

M.^. 

Number  or 

pRMuielnTodiCMtSQaaieFoot.                        | 

Maiiniuni. 

AvtCMC 

10 

J3 

lO 

1 

S-4 

F 

6.2 

8.0 

»■+ 
1-5 

J.O 

4-5 
4-9 

If 

Coarae  land  and  gravel 

Fine  .and 

Qay 

3 
S 

7.0 

7-6 
7-4 

1.8 

n 

1.6 

S-a 
3-3  . 

The  data  in  TaUe  III  Bhows  that  great  care  must  be  used  in  deternuning  on  the  allowable 
pressure  for  any  particular  foundation,  and  that  safe  values  for  the  bearing  power  of  soils  should 
only  be  used  as  an  aid  to  the  judgment  of  the  engineer. 

WATERWAY  FOR  BRIDGES.— The  clear  waterway  for  bridges  should  be  ample;  great 
care  should  be  used  to  prevent  (loatii^  logs  and  debris  from  clogging  up  the  opening.  The  neces- 
sary waterway  depends  upon  the  character  and  sizeof  the  runoff  area,  the  slope  and  size  of  the  stream 
and  upon  other  local  conditions.  The  "Dun  Drainage  Table,"  Table  IV,  will  be  of  assistance  in 
assisting  the  judgment  of  the  engineer  in  determining  on  the  proper  waterway  for  any  bridge. 

Many  formulas  have  been  proposed  for  determining  the  waterway  of  culverts  and  bridges. 
The  formula  best  known  to  the  author  is  that  proposed  by  Professor  A.  N.  Talbot.     It  is 

where  A  —  area  of  the  required  opening  in  sq.  ft.; 
M  ~  area  of  drainage  basin  In  acres; 
c  =  a  coefficient  varying  with  the  slope  of  the  ground,  slope  of  the  drainage  area,  character 
of  the  soil  and  character  of  vegetation. 

Professor  Talbot  gives  the  following  values  of  c  ;  c  ~  }  to  I  for  steep  and  rocky  ground; 
c  "^  1  for  rolling  E^ricultural  country,  subject  to  floods  at  times  of  melting  snow,  and  with  the 
length  of  valley  3  to  4  times  its  width;  e  =  1  to  J  for  districts  not  affected  by  accumulated  snow 
and  where  the  length  of  the  valley  is  several  times  its  width. 

PREPARING  THE  POUNDATIOHS.— The  preparation  of  the  site  of  the  abutment  or 
I»er  will  depend  upon  the  conditions  and  character  of  the  material. 

Rock. — Where  the  water  can  be  excluded,  the  rock  should  be  cleared  of  all  overlying  material 
and  disintegrated  rock.     The  surface  is  then  leveled  up  either  by  cutting  off  the  projections  or    ■ 
by  depositing  a  layer  of  concrete. 

Bard  Ground. — The  material  should  be  excavated  well  below  the  frost  and  scour  line.  Where 
the  foundations  cannot  be  carried  low  enough  to  prevent  undermining,  piles  should  be  driven  at 
about  3)  to  3  ft.  centers  over  the  foundation, 
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a  Deep  Foundations  "  by  E.  L.  Corthell,  John  Wiley  ft  Sons. 
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WATERWAY  FOR  BRIDGES. 

TABLE  IV. 

The  Dutr  Drain ags  Tablk.* 

AtchiBon,  Topeka  &  Santa  Fe  Railway  System. 


AKBAS  OF  WATERWAY. 
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Soft  Oromid. — The  materiaU  should  be  excavated  to  a  solid  stratum  or  piles  spaced  about 
)}  to  3  ft.  centen  should  be  driven  over  the  foundation  to  a  good  refusal.  The  piles  should  be 
nit  aS  below  low  water  level  to  carry  a  timber  grillage,  or  concrete  may  be  deposited  around  the 
beads  of  the  piles.  Where  water  cannot  be  excluded  it  will  be  necessary  to  use  one  of  the  f<dlowing 
OKthoda:  open  caisson,  crib,  coffer  dam,  or  pneumatic  caisson. 

In  using;  an  open  caisson  the  masonry  is  built  up  or  the  concrete  is  deposited  in  a  water  tight 
box  built  of  heavy  timbers  or  of  reinforced  concrete,  the  caisson  being  sunk  as  the  pier  is  built  up. 


'  ajpfstnxtart,  k/lnef  Its 


■■tJJ[R      [5  mil  aajnfruclare,  iUna 
:^\\:\  or T^e-for^/d floor. 


6  iiiaiatf  cnnags  ofSfrtum 
im/ri  sl/itrphixs  fhtn  Htcs 
tfgadak^le.  i^f 

fhgkfla<att^lt30%i^m>ybi       ■%', 
•and  toKi'l  h^  anJAioia.  -W 


C^JriihlO'tolTcloc. 
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Fig.  4-     Masonry  Abdtmknts,  N.  Y.  C.  &  H.  R,  R.  R. 

The  caisson  is  commonly  floated  into  place  and  then  is  sunk  on  piles  which  have  been  sawed  off 
to  receive  it,  or  on  a  solid  rock  foundation.  The  sides  of  timber  caissons  are  usually  removed 
after  the  pier  is  completed. 

Timber  cribs  are  made  of  squared  timbers  placed  transversely  and  loag^tudinally,  and  bolted 
together  so  as  to  form  a  solid  structure  with  open  pockets.  The  crib  is  sunk  by  loading  the 
pockets  with  stone.     No  timber  should  be  left  above  the  low  water  mark  in  open  caissons  or  cribs. 

A  coffer  dam  is  usually  made  by  driving  two  rows  of  sheet  piling  around  the  pier,  the  space 
between  the  rows  of  piling  being  filled  with  clay  puddle.  For  small  depths  a  single  row  of  sheet 
Fuling  is  often  sufficient.  Where  the  depth  is  too  great  for  one  length  of  sheet  piling,  additional 
rows  are  driven  inside  the  first.  Steel  sheet  piling  is  now  much  used  for  difficult  foundations. 
Steel  sheet  piling  can  be  driven  through  ordinary  drift  and  similar  material,  is  not  limited  in 
depth,  and  is  practically  water  tight  when  used  in  a  single  row.  It  can  be  drawn  and  used  again. 
It  is  almost  impossible  to  shut  oS  all  the  water  with  a  coffer  dam,  and  pumps  should  be  provided. 

Pneumatic  caissons  should  only  be  used  under  the  direction  of  experienced  engineers  and 
will  not  be  considered  here. 

For  details  of  rinldng  piers  see  Jacoby  &  Davis'  "  Foundations  of  Bridges  and  Buildii^  ", 
McGraw-Hill  Book  Company.  Di-nz   ■  a  C)t)t)Q[c 
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BZAHPLBS  OF  RAILWAY  BRIDGE  ABUTHEHTS.— Standard  Mone  masonry  abui- 
menta  dea^oed  by  the  Baltimore  &  Ohio  Railway  are  shown  in  Fig.  3.  These  abutments  an 
to  be  used  [or  deck  and  through  girder  spans.  The  plans  are  worked  out  in  detail  and  give  dan 
for  different  conditions. 

Standard  designs  for  a  straight  abutment  and  for  a  wii^  abutment  designed  by  the  N.  Y.  C 
&  H.  R.  R.  R.  are  shown  in  Fig.  4.  Data  for  different  conditions  are  given  on  the  plans.  The 
quantity  of  roaaonry  and  of  old  railroad  mile  required  for  the  N.  V.  C.  &  H.  R.  R.  R.  abutmenis 
shown  in  Fig,  4  are  given  in  Fig.  5.  The  wings  are  the  length  required  for  a  flare  of  30  d^tecs  and 
a  side  slope  of  roadway  of  i)  to  1. 
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Masonsy  Abutments,  N.  Y.  C.  &  H.  R.  R.  R. 


single  track  raiU-ay  bridge  abutments  as  designed  by  the  Illinois 
Fig.  6.    The  quantities  In  double  track  abutments  may  be  calculatid 


The  quantity  of  c 
Central  R.  R.  are  given  ii 
as  shown  in  Fig.  6. 

Cooper's  Standard  Abutments — The  abutment  in  (a),  Fig.  7,  is  from  Cooper's  "Genera! 
Specifications  for  Foundations  and  Substructures  of  Highway  and  Electric  Railway  Bridges.", 
The  lei^h,  /,  and  the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  as 
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eiveB,  and  are  proportional  for  intermedUte  Bpans.    Theae  abutmenta  may  be  made  of  either 
first-class  stone  maaonry,  or  first^clasa  Portland  cement  concrete. 

For  double  tract  electric  railway  bridges  add  one  toot  to  tlie  value  of  a  in  Fig.  7.  The  mini- 
mum thickness  of  the  wail  at  any  point  is  to  be  Q.4  of  the  heigltt.  The  length  of  the  wing  wall* 
will  be  determined  by  local  conditionB. 
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Fig.  6.    Quantities  in  Masonry  Abutments,  Illinois  Central  Railroad. 


The  abutment  without  wing  walls  in  (6),  Fig.  7.  has  the  same  diraen«ons  as  the  abutment 
with  wing  walla.  The  width  for  single  track  electric  railways  may  be  taken  as  14  ft.,  double 
track  36  ft.     The  approximate  cubical  quantities  in  abutments  without  wing  walls  are  given  in 

Fig-  7. 

RAILWAY  BRIDGE  PIERS.— Standard  piers  for  railway  bridges  as  designed  by  the 
N.  Y.  C.  &H.  R.  R.  R-are  shown  in  Fig.  8.  Dimensionsand  data  for  different  spans  and  heights 
of  piers  are  given  on  the  plans.  The  quantities  of  masonry  in  the  standard  plans  ^own  in  Fig.  8 
are  given  in  Fig.  9,  for  deck  spans  and  for  through  spans. 

Quantities  of  masonry  in  piers  for  deck  plate  girder  spans  are  given  in  Fig.  10  and  for  through 
^def  and  truss  spans  in  Fig.  1 1 .  These  piers  were  designed  and  the  estimates  were  prepared  by 
the  bridge  department  of  the  Illinois  Central  Railroad. 

nUnolB  Central  lUilroad  Pier. — Details  of  a  concrete  pier  designed  and  built  by  the  IlliocHB 
Central  Railroad  are  shown  in  Fig.  12.  The  pier  rests  on  timber  plies  spaced  as  shown.  The 
"starkwater"  is  reinforced  with  an  8  in.  I  beam. 

Cooper's  Standard  Masonrj  Piers,— The  masonry  pier  in  Fig.  13  is  from  Cooper's  "General 
Specifications  for  Substructures  of  Highway  and  Electric  Railway  Bridges."  The  length,  I,  and 
the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  given  in  Fig.  13.  These 
piers  may  be  made  of  either  first-class  stone  masonry,  or  Urst-class  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  I,  and  6  inches  to  a.  The  width, 
to  =  center  to  center  of  trusses,  and  may  ordinarily  be  taken  14  ft.  for  single  track,  and  26  ft. 
for  double  track  through  bridges.  Where  drift  and  logs  are  liable  to  injure  the  pier  the  nose 
of  the  cut-water  should  be  protected  with  a  steel  angle  or  plate.  The  approximate  cubical  con- 
tents of  the  piers  are  given  in  Fig.  13. 

STEEL  TUBULAR  PIERS.— Steel  tubular  piers  are  made  of  steel  plates  riveted  t<^ether 
and  filled  with  concrete.    Wha%  the  piers  are  founded  on  soft  material,  piles  are  driven  in  the 
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bottom  of  the  tube,  the  piles  beii^  tawed  off  below  the  water  line.  The  [nlee  shguld  extend  at 
ICBat  two  diametera  of  the  tube  above  the  bottom.  Tlie  tubes  are  braced  traiuveiady  by  means 
of  struts  and  tension  diagonals  above  high  water  and  by  diapbragim  bradog  below  high  water. 
Where  the  piers  will  be  subject  to  blows  from  floating  drift  or  logs  tbey  should  be  protected  by  a 
timber  oibwork  or  other  device. 

Cooper's  Standards. — The  tubular  piers  in  Fig.  14  are  from  Cooper's  "  General  Spedficatioiu 
for  Foundations  and  Substructures  for  Highway  and  Electric  Railway  Bridges."    Cooper  specifies 
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n  thickness  of  |  in.  for  plates  below  and  }  in.  above  the  h^h  water.  The  minimum  size 
of  tubular  friers  are  as  given  in  Fig.  14. 

A  steel  tubular  pier  with  a  timber  crib  protection  is  given  in  Fig.  14.  The  crib  is  filled  with 
loose  rock. 

A  steel  oblong  pier,  as  deugned  by  Cooper,  is  given  in  Fig.  15.  The  center  of  the  truss  is  to 
come  0/3  +  one  ft,  from  the  end  of  the  pier.  The  width  o,  as  specified  by  Cooper,  is  given  in 
Fig-  15- 

American  Bridge  Company  Standarda. — The  American  Bridge  Company's  standard  tubular 
[Hers  are  shown  in  F^.  16.    The  minimum  diameters  for  a  height  of  13  feet  to  carry  a  single  span, 
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Knd  data  on  [Mers,  pier  beams  and  pbr  bracing  are  given  in  fig.  I6.  In  calculating  tbe  weight  of  a 
pier  add  one  foot  to  the  length  of  each  tube.  The  weight  of  the  concrete  in  two  tubes  is  given 
in  Fig.  i6.  The  concrete  isasaumcd  to  fill  the  tube,  and  the  space  occupied  by  piles  should  be  de- 
ducted. The  number  of  piles  required  for  different  diameters  of  tubes  is  given.  The  number  of 
piles  requiied  for  large  tubes  agrees  quite  closely  with  Cooper's  Specifications,  but  the  number 
for  small  tubes  is  very  much  less. 

Pier  Seams. — The  sizes  of  pier  beams  required  for  different  panel  lengths  and  clear  distance 
botTG«ea  tubes  in  feet  are  given  in  Fig.  i6.  The  pier  beam  should  be  assumed  as  one  foot  longer 
than  the  dear  distance  between  the  tubes,  in  calculating  the  weight  of  the  beams. 


^ 


Fig.  8.     Masonry  Piers,  N.  Y.  C.  &  H.  R.  R.  R. 

Pier  Bracing. — The  piei  bracing  for  piers  supporting  the  ends  of  two  spans  are  given  in 
Fig.  l6.  If  the  spans  are  unequal  in  length,  enter  the  table  with  one-half  of  the  algebraic  sum 
of  the  spans.  For  example,  for  a  pier  carrying  a  75  ft.  and  a  125  ft.  span,  enter  the  diagram  with  a 
span  of  100  ft.      Steel  tubular  piers  should  never  be  used  for  end  abutments  carrying  a  till. 

In  calculating  the  weight  of  the  diagonal  bars  the  length  of  the  bar  should  be  multiplied  by 
the  weight  per  foot  as  obtained  from  a  handbook,  and  the  details  for  one  bar  added  to  the  product. 
In  calculating  the  weight  of  the  struts  add  one  foot  to  the  clear  length. 

Pter  Caps. — Tubular  piers  may  be  capped  with  steel  plate  caps,  may  be  finished  with  con- 
crete, or  may  have  a  stone  pedestal  block.  The  weights  given  in  Fig.  16  do  not  include  the 
we^hts  of  steel  caps. 

Spedfiutioos  for  Steel  Tubular  IHers  for  Hl^way  and  Electtie  Railwajr  Bridges.— The 
plates  for  the  tubes  shall  be  not  less  than  i  in.  thick  for  tubes  up  to  30  in.  In  diameter,  not  less 
than  iV  in.  for  tubes  from  30  to  48  in.  in  diameter,  and  not  less  than  j  in.  tor  tubes  from  48  to 
72  in.  in  diameter.  Where  the  plates  are  in  contact  with  the  soil  the  thickness  shall  be  increased 
at  least  -ft  in-  For  A  m-  plate  and  less  use  J  in.  rivets;  for  j  in.  plate  and  over  use  i  in.  rivets. 
The  horizontal  seams  shall  be  single  lap  joints  riveted  with  a  pitch  of  4  diameters  of  rivet, 
while  the  vertical  seams  shall  preferably  be  butt  riveted  with  single  riveting  spaced  4  diameters 
ol  rivet,  up  to  48  in.  diameter  of  tubes,  and  double  riveting  with  3  in.  spacing  for  tubes  of  larger 
diameter. 
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Fig.  9.    Quantities  in  Masonrv  Pieks,  N.  Y.  C.  &  H.  R.  R.  R. 
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Quantities  in  Masonry  Piers  for  Deck  Girders,  Illinois  Central 
Railroad. 
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Fig.  II,    QuANTiTiKS  in  Masonrv  Piers  for  Through  Spans,  Illinois  Central 

Railroad. 

The  bracing  of  piers  shall  be  designed  to  take  all  the  wind  forces  specified  to  come  on  the 
bridge.  Diaphragm  webs  are  to  be  used  up  to  well  above  high  water  lor  piers  located  in  the 
ttream  or  where  floating  materials  may  find  lodgment.  Oblong  piers  shall  be  braced  against 
inside  and  outside  pressure.  Piers  exposed  to  injury  from  floatmg  1<^a  and  diift  shall  be  pro- 
tected. 

Tbe  tubes  should  be  painted  inside  and  out  with  two  coats  of  red  lead  and  Unseed  oil,  or 
other  prescribed  paint. 
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The  materialfl  and  workmanahip  shall  comply  with  the  specificatioiii  for  the  highway  bridge 
BUperetnicture. 

Erectioii. — Where  the  bottom  will  pennit,  the  tubes  shall  be  sunk  well  below  posable  scour 
by  loading  the  tube  and  excavating  the  material  from  the  inside.  For  this  purpose  a  clamsfadl 
bucket  is  very  effective.  Driving  the  lube  with  a  pile  driver  will  cut  oS  the  rivets  in  the  horizoatal 
seams  and  will  not  be  permitted.  After  the  tube  ia  sunk,  piles  are  to  be  driven  inside  of  the 
steel  shell,  as  closely  together  as  possible,  using  care  to  get  no  pile  nearer  than  4  to  6  in.  to  the 
steel  shell.  The  piles  shall  be  driven  to  a  good  refusal,  and  the  tops  sawed  off  below  the  lov 
water  mark  and  reaching  at  least  a  diameters  of  the  tube  above  the  bottom.  The  space  inside  the 
tubes  shall  then  be  filled  with  concrete  well  tamped.  Concrete  should  not  be  deposited  in  running 
water  if  possible  to  prevent  it. 

Pl-V 


PLAN  " '"" 

Fig.  la.    Details  op  Illinois  Central  Railhoad  Pier. 

Where  piers  are  founded  on  rock,  the  tubes  are  to  be  anchored  to  the  rock  and  then  filled 
with  concrete.  Or  cribs  may  be  sunk  on  the  rock  and  the  tube  set  in  a  pocket  in  the  crib  and 
resting  on  the  rock.  The  space  outside  the  tube  is  then  filled  with  concrete  and  the  tube  is  filled 
with  concrete  in  the  usual  manner. 

Cylinder  IHers  for  Highwmy  Bridge)  Tndl,  B.  C* — Steel  cylinder  [ners  were  used  for  a  steel 
highway  bridge  designed  by  Waddell  and  Harrington,  Consulting  Ei^neers,  and  built  across 
the  Columbia  River  at  Trail,  B.  C.  The  main  spans  are  172  ft.  8  in,  long  and  are  carried  on 
piers  made  of  two  steel  cylinders  filled  with  concrete.  The  steel  cylinders  are  9  ft.  in  diameter 
at  the  bottom  and  6  ft.  in  diameter  at  th^  top,  and  are  86  ft.  long.    The  cylinders  are  made  of 

,  •  Engineering  News,  Dec.  5,  1912. 
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plates  )  in.  thick  and  are  connected  by  a  double  plate  web  diaphragm,  each  diaphragm  made 
of  A  in-  platee  spaced  24  in.  apart  and  25  ft.  high,  and  reaching  from  below  low  water  to  abtnt 
high  water.  The  diaphragms  were  covered  and  filled  with  concrete.  The  cylinders  are  spactd 
21  ft.  centers.     The  piers  were  sunk  by  the  pneumatic  process. 
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Fig.  14.    Steel  Tubular  Piers  for  Electric  Railway  and  Hicbway  Bkidges. 
Cooper's  Standards. 

STEEL  CYUNDER  PIERS  FOR  RAILWAY  BRIDGES.— Steel  cylinder  pieni  have  been ' 
used  for  the  foundations  of  several  important  bridges,  Table  V,  by  the  Chicago  and  Northwestern 
Railway.  Mr.  W.  H  Finley,  Asst.  Chief  Engineer,  gives  the  following  advantages  of  steel  cylinder 
piers  over  masonry  piers.* 

(1)  ''Where  it  is  desired  to  provide  for  future  second  track,  cylinder  foundations  will  cost  1 
very  little  more  for  double  track  than  for  single  track. 


•  Engineering  News,  Oct.  24,  1913 
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(3)  "Cylinder  piers  can  be  constructed  under  traffic  with  less  trouble  than  any  other  type. 

(3)  "  Cylinder  piers  permit  of  rapid  sinldng:  by  open  dredgii^  where  the  material  is  favt^able 
and  sunken  logs  are  not  liable  to  be  encountered.  Air  pressure  can  be  applied  readily  and  cheaply 
if  it  becomes  necessary," 

Details  of  the  cylinder  piers  for  the  Oxford  Mill  Pood  bridge  are  shown  in  Fig.  17,  and  details 
of  the  Eteel  shells  for  the  base  of  the  [uers  are  shown  in  Fig.  i8.  The  bridge  is  481  feet  long  and 
consists  of  30  ft.  and  60  (t.  spans  resting  on  piers  made  of  two  steel  cylinders  and  a  steel  shell  for 
the  base,  filled  with  concrete. 
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Minimum  Sizes  of  Steel  Obions  Piers 
CoofEH's  Standards 
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Data  on  Sevbkal  Steel  Cylinder  Piers  used  bv  the  Chicago  and  Nokthwestern 

Railway. 
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Fig,  17,    Stebl  Tubih^r  Piers,  Oxford  Mill  Pond  Bridge,  Chicago  & 
nortbwsstern  railway. 
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Fig.  18.     Steel  Shell  for  Base  of  Cvlinder  Piers  of  the  Oxford  Mill  Pond 
Bridge,  Chicago  &  Northwestern  Railway. 


MASONRY  AND  CONCRETE  DEFINITIONS  AND  SPECIFICATIONS. 
Classificatioh  of  Masonry.* 


Fac«  or  Surface. 


A«Ji... 

Culvert. 
Dry.... 


Stone 

Coocrete. . 


Dimension 

Ashlar. . . . 


Rubble 
Reinforced 
Plain 
Rubble 


[  Rubble 
/  Reinforced 
1  Plain 


Rock-faced 
'  Smooth 
,  Rock-faced 

Rock-faced 


r Stone 

I  Concrete . 


Plain 

Rubble 

Rubble 


Uncoursed 


'  English 
Bond 

Flemish 


Unoouned 


Fine  pointed 
Rough  pointed 
Scabl>led 


DspiHtnoNS.* 

carry 
ing  only,  or  between  the  intradoe 
concrete,  designed  to  sustain  the 
are  built  up  without  the  use  of  mortar. 
COHCRBTE. 

Concrete. — ^A  compact  maw  of  broken  atone,  gravel  or  other  suitable  material  aaaembled 
together  with  cement  mortar  and  allowed  to  harden. 

Reinforced  Concrete. — Concrete  which  has  been  reinforced  by  means  of  metal  in  some  form, 
9  to  develop  the  compreBsive  strength  of  the  concrete. 
_  . . .    ™  .^^ — Concrete  in  which 


Masonry,  Arclu — That  portion  of  the  masonry 
and  the  extiudos. 

HasoniT,  ColTcrt.— Flat-top  masonry  Btrvctun 
fill  above  and  to  permit  the  free  pass^e  of  water. 

MuoniT,  Dry. — Masonry  in  which  : 


Rubble  Concrete.- 


I'hich  rubble  si 


;  imbedded. 


—Ho.  I. — Hard  burned  brick,  absorption  not  exceeding  2  per  cent  by  weight. 
Ceuent. 


•  Adopted  by  Am.  Ry.  Eng.  Awoc.,  Vol.  7, 


906,  pp.  59&-£oi,  619;  Vol.  13,  1911. 
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PortUnd  Contuit — This  term  shall  be  a|>plied  to  the  finely  pulverized  product  reaultii»c 
fiom  the  calcination  to  incipient  fusion  of  an  intimate  mixture  of  properly  proportioned  argil- 
laceous and  calcareous  materials,  and  to  wbicb  no  addition  greater  than  3  per  cent  has  been  made 
subsequent  to  calcination. 

Natnral  Cement — This  term  shall  be  applied  to  the  finely  pulverized  product  resulting  from 
the  calcination  of  an  argillaceous  limestone  at  a  temperature  only  lufBdent  to  drive  off  the  ciubonic 

FuzzcAui  Cement,  as  Mad«  In  North  America. — An  intimate  mixture  obtained  by  finely 
pulverizing  together  granulated  basic  blast  furnace  slag  and  slacked  lime. 

CouBSKS  AMD  Bond. 

Cotirsed. — Laid  with  continuous  bed  joints. 

Broken  Conrwd. — Laid  with  parallel,  but  not  continuous,  bed  jmnts. 

UncDursed. — Laid  without  re^rd  to  courses. 

English  Bond.— That  diaposition  of  bricks  in  a  structure  in  which  each  course  is  composed 
entirely  of  headers  or  of  stretcners. 

Plemlali  Bond. — That  disposition  of  bricks  in  a  structure  in  which  the  headers  and  stretchers 
alternate  in  each  course,  the  neader  being  so  placed  that  the  outer  end  lies  on  the  middle  of  a 
stretcher  in  the  course  below. 


Dreating. — The  finish  given  to  the  surface  of  stones  o; 

Smooth. — Having  surface,  the  variations  of  which  do  not  exceed  one.«xteenth  inch  from  the 
pitch  line. 

nne  Pointed. — Having  irregular  surface,  the  variations  of  which  do  not  exceed  one-quarter 
inch  from  the  pitch  line. 

Rou^  Punted. — Having  irregular  surface,  the  variations  of  which  do  not  exceed  one-half 
inch  from  the  pitch  line. 

Scabblad. — Having  irregular  surface,  the  variations  of  which  do  not  exceed  three-quarters 
inch  from  the  pitch  line. 

Rock-Fnced. — Presenting  irregular  projecting  face,  without  indicattoni  of  tool  mark. 

DsscuFiiTX  Words. 

Abntment. — A  supporting  wall  carrying  the  end  of  a  bridge  or  span  and  sustaining  the  pressure 
of  the  abutting  earth.     The  abutment  of  an  arch  is  commonly  called  a  bench  wall. 

Arris. — The  external  edge  formed  by  two  surfaces,  whether  plain  or  curved,  meeting  each 

AaUu. — A  squared  or  cut  block  of  stone  with  rectangular  dimenrions. 

Backing.' — That  oortion  of  a  masonry  wall  or  structure  built  in  the  rear  of  the  face.  It  must 
be  attached  to  the  face  and  bonded  with  it.     It  is  usually  of  a  cheaper  grade  of  work  than  the  face- 

Bjittai. — The  slope  or  inclination  of  the  face  or  back  of  a  wall  (ram  a  vertical  line. 

Bed. — The  top  and  bottom  of  a  stone.     (See  Course  Bed;  Natural  Bed;  Foundation  Bed.) 

Bed  Joint — A  hori«>ntal  joint,  or  one  perpendicular  to  the  line  of  pressure. 

Beni^  WalL — The  abutment  from  which  an  arch  springs. 

Bond.— The  mechanical  disposition  of  stone,  brick  or  other  building  blocks  by  overlap|Hng 
to  break  joints. 

Bmld. — A  vertical  joint. 

Centering. — A  temporary  support  used  in  arch  construction.     {Also  called  centers.) 

Clamp. — An  instrument  for  lifting  stone  so  designed  that  its  grip  on  the  surface  of  the  stone 
is  increased  as  the  load  is  applied.  That  portion  engaging  the  stone  is  of  wood  attached  to  a  steel 
shoe,  which  in  turn  is  hinged  to  the  shank  of  the  clamp  in  such  a  manner  as  to  adjust  itself  to  the 
surface  of  the  body  lifted. 

Coping. — A  top  course  of  stoneorconcrete,  generally  slightly  projecting,  to  shelter  the  masonry 
from  the  weather,  or  to  distribute  the  pressure  from  exterior  loading. 

Course. — Each  separate  layer  in  stone,  concrete  or  brick  masonry. 

Conne  Bed.— 'Stone,  brick  or  other  building  material  In  position,  upon  which  other  material 

Cramps. — Bara  of  iron  havine  the  ends  turned  at  right  angles  to  the  body  of  the  bar  which 
eater  holes  in  the  upper  side  of  adjacent  stones. 

Calvert — A  small  covered  passage  for  water  under  a  roadway  or  embankment. 
Dimenidon  Stone. — (i)  A  block  of  stone  cut  to  specified  dimenuons. 
Dimensiim  Stone. — (2)  Large  blocks  of  stone  quarried  to  be  cut  to  specified  dimi 
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Dowels. — (a)  Straight  bars  of  iron  which  enter  a  hole  in  the  upper  side  of  ane  stone  and  also 
a  hole  in  the  lower  side  of  the  stone  next  above. 

Dowel. — (b)  A  two-piece  steel  instrument  used  in  lifting  stone.  The  dowel  engages  the 
stone  by  means  of  two  holes  drilled  into  the  stone  at  an  angle  ol  about  45  degrees  pointing  toward 
each  other.     The  dowel  is  not  keyed  in  place. 

Draft. — A  line  on  the  surface  of  a  stone  cut  to  the  breadth  of  the  chisel. 

Expansion  Joint — A  vertical  joint  or  space  to  allow  for  temperature  changes.  j 

Eztrados. — The  upper  or  convex  surface  of  an  arch. 

Intrados. — The  inner  or  narrow  concave  surface  of  an  arch. 

Face.^The  exposed  surface  in  elevation. 

Facing. — In  concrete:  (i)  A  rich  mortar  placed  on  the  exposed  surfaces  to  make  a  smooth 

(2)  Shovel  facii^  by  working  the  mortar  of  concrete  to  the  face. 

Final  Set — A  stage  of  the  process  of  setting  marked  by  certain  hardness.  (See  Cement 
Specifications.) 

Flush. — f  Adj.)     Having  the  surface  even  or  level  with  an  adjacent  surface. 

Flush.— (Verb.)  (i)  To  fill,  (i)  To  bring  to  a  level.  (3)  To  force  water  to  the  surface 
of  mortar  or  concrete  by  compacting  or  ramming. 

Fooling. — A  projecting  bottom  course. 

Form.— A  temporary  structure  for  giving  concrete  a  desired  shape. 

Foundation. — (1)  That  portion  of  a  structure  usually  bciowthe  surface  of  the  ground,  which 
distributes  the  pressure  upon  its  support.      (2)  Also  applied  to  the  natural  support  itself;  rock, 

Foundation  Bod. — The  surface  on  which  a  structure  rests. 

Grout — A  mortar  of  liquid  consistency  which  can  easily  be  poured. 

Header.^A  stone  which  has  its  greatest  length  at  right  angles  to  the  face  of  the  wall,  anc 
which  bonds  the  face  stones  to  the  backing. 

Initial  Set — An  early  stage  of  the  process  of  setting,  marked  by  certain  hardness.  (See 
Cement  Specifioations.) 

Joint— The  narrow  space  between  adjacent  stones,  bricks  or  other  building  blocks,  usually 
filled  with  mortar. 

Lagging. — Strips  used  to  carry  and  distribute  the  weight  of  an  arch  to  the  ribs  or  centering 
during  Its  construction. 

LewiB.^A  four-piece  steel  instrument  used  in  lifting  stone.  (The  lewis  ei^ages  the  stone 
by  means  of  a  triangular- shaped  hole  into  which  it  is  keyed.) 

Lock. — Any  special  device  or  method  of  construction  used  to  secure  a  bond  in  the  work. 

Mortar.^A  mixture  of  fine  a^rcgate,  cement  or  lime  and  water  used  to  bind  together  the 
materials  ol  concrete,  stone  or  brick  in  masonry  or  to  cover  the  surface  of  the  same. 

Natural  Bed.— The  surfaces  of  a  stone  parallel  to  its  stratification. 

Parapet — -A  wall  or  barrier  on  the  edge  of  an  elevated  structure  for  protection  or  ornament. 

Paving. — Regularly  placed  stone  or  brick  forming  a  floor. 

Pier.— An  intermediate  support  for  arches  or  other  spans. 

Pitch.— (Verb.)     To  square  a  stone. 

Pitched. — Having  the  arris  clearly  defined  by  a  line  beyond  which  the  rock  is  cut  away  by 
the  pitching  chisel  so  as  to  make  approKimatcly  true  edges. 

Pointing. — Filling  joints  or  defects  in  the  face  of  a  masonry  structure. 

Retaining  WolL — A  wall  for  sustaining  the  pressure  of  earth  or  filling  deposited  behind  it. 

Vonssirira. — The  individual  stones  forming  an  arch.     They  are  always  of  truncated  wedge 

Sing  Stones. — The  end  voussoirs  of  an  arch. 

Riprap.— Rough  stone  of  various  sizes  placed  compactly  or  irregularly  to  prevent  scour  by 

Rubble. — Field  stone  or  rough  stone  as  it  comes  from  the  quarry.  When  it  is  of  a  large  or 
massive  size  it  is  termed  block  rubble. 

Rubbed. — A  fine  finish  made  by  rubbing  with  grit  or  sand  stone. 

Set— (Noun)      The  change  from  a  plastic  to  a  solid  or  hard  state. 

Slope  Wall.^A  wall  to  protect  the  slope  of  an  embankment  or  cut. 

Soffit — The  under  side  of  a  projection. 

Spall. — (Noun).     A  chip  or  small  piece  of  stone  broken  from  a  large  block. 

Spandrel  Wall. — The  wall  at  the  end  of  an  arch  above  the  springing  line  and  extrados  of  the 
arch  and  below  the  coping  or  the  string  course. 

Stretcher. — A  stone  which  has  its  greatest  length  parallel  to  the  face  of  the  wall. 

Wing  WalL — An  extension  of  an  abutment  wall  to  retain  the  adjacent  earth. 
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SPECIFICATIONS  FOR  STONE  MASONRY.* 
General. 

1.  Standard  ^Mdflcatlons. — The  classification  of  masonry  and  the  requirements  for  cement 
I  concrete  shall  be  those  adopted  by  the  American  Railway  Engineering  Association. 

2.  Bngiiieer  Defined. — Where  the  term  "Engineer"  is  used  in  these  specifications,  it  refers 


General  Requixeuents. 

3.  Stone. — Stone  shall  beirf  the  kinds  designated  and  shall  be  hard  and  durable,  of  approved 
quality  and  shape,  free  from  seams,  or  other  imperfections.  Unseasoned  stone  shall  not  be  used 
where  liable  to  injury  by  frost, 

4.  Dressing. — Dres«ng  shall  be  the  best  of  the  kind  specified. 

5.  Beds  and  joints  or  ouilds  shall  be  square  with  each  other,  and  dressed  tme  and  out  of 
wind.     Hollow  beds  shall  not  be  permitted. 

6.  Stone  shall  be  dressed  (or  laying  on  the  natural  bed.  In  all  cases  the  bed  shall  not  be 
k-ss  than  the  rise. 

7.  Marginal  drafts  shall  be  neat  and  accurate. 

8.  Pitchii^  shall  be  done  to  true  lines  and  exact  batter. 

9.  Hortar. — Mortar  shall  be  mixed  in  a  suitable  box,  or  in  a  machine  mixer,  preferably  of 
^he  batch  type,  and  shall  be  kept  free  from  foreign  matter.  The  size  of  the  batch  and  the  pro- 
portions and  the  consistency  shall  be  as  directed  by  the  engineer.  When  mijted  by  hand  the  sand 
and  cement  shall  be  mixed  dry.  the  requisite  amount  of  water  then  added  and  the  mixing  continued 
until  the  cement  is  uniformly  distributed  and  the  mass  is  uniform  in  color  and  homogeneous. 

10.  La^ng. — The  arrangement  of  courses  and  bond  shall  be  as  indicated  on  the  drawings,  or 
as  directed  by  the  engineer.  Stone  shall  be  laid  to  exact  lines  and  levels,  to  give  the  required  bond 
and  thickness  of  mortar  in  beds  and  joints. 

11.  Stone  shall  be  cleansed  and  dampened  before  laying. 

13.  Stone  shall  be  well  bonded,  laid  on  its  natural  bed  and  solidly  settled  into  place  in  a  full 
bed  of  mortar. 

13.  Stone  shall  not  be  dropped  or  slid  over  the  wall,  but  shall  be  placed  without  jarring  stone 
already  laid. 

14.  Heavy  hammering  shall  not  be  allowed  on  the  wall  after  a  course  is  laid. 

15.  Stone  becoming  loose  after  the  mortar  is  set  shall  be  relaid  with  fresh  mortar. 

16.  Stone  shall  not  be  laid  in  freezing  weather,  unless  directed  by  the  engineer.  If  laid, 
it  shall  be  freed  from  ice,  snow  or  frost  by  warming;  the  sand  and  water  used  in  the  mortar  shall 
be  heated. 

17.  With  precaution,  a  brine  may  be  substituted  for  the  heating  of  the  mortar.  The  brine 
shall  consist  of  one  pound  of  salt  to  eighteen  gallons  of  water,  when  the  temperature  is  32  degrees 
Fahrenheit;  for  every  degree  of  temperature  below  32  degrees  Fahrenheit,  one  ounce  of  salt  diall 
be  added. 

18.  Pointing. — Before  the  mortar  has  set  in  beds  and  joints,  it  shall  be  removed  to  a  depth  of 
not  less  than  one  (i)  in.  Pointing  shall  not  be  done  until  the  wail  is  complete  and  raortar  set; 
nor  when  frost  is  in  the  stone. 

19.  Mortar  for  pointing  shall  consist  of  equal  parts  of  sand,  sieved  to  meet  the  requirements, 
and  Portland  cement.  In  pointing,  the  joints  shall  be  wet,  and  filled  with  mortar,  pounded  in 
with  a  "set-in"  or  callcit^  tool  and  finished  with  a  beading  tool  the  width  of  a  joint,  used  with  a 
■traigbt-et^e. 

Bkidgb  and  Rbtaining  Wall  Masonry — ^Ashlar  Stone. 

30.  Mdc«  and  Retaining  WaU  Masonry.  Ashlar  Stone. — The  stone  shall  be  large  and 
well  pro{Mrtioned.  Courses  shall  not  be  less  than  fourteen  (14)  in.  or  more  than  thirty  (30)  in. 
thicic,  thickness  of  courses  to  diminish  regularly  from  bottom  to  top. 

31.  Dresring. — Beds  and  joints  or  builds  of  face  stone  shall  be  fine-pointed,  so  that  the 
mortar  layer  should  not  be  more  than  one-half  (i)  in.  thick  when  the  stone  is  laid. 

33.  foints  in  face  stone  shall  be  full  to  the  square  for  a  depth  equal  to  at  least  one-half  the 
b^fat  of  the  course,  but  in  no  case  less  than  twelve  (is)  in. 

•  Adopted  by  American  Railway  Engineering  Association. 

»  c,,=„,  Google 
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33.  Face  or  Sniface. — Exposed  surfaces  of  the  face  stone  shall  be  rock-faced,  and  edges  pitched 
to  the  true  lines  and  exact  batter;  the  face  shall  not  project  more  than  three  (3)  in.  beyond  the 
|Htcb  line. 

34.  Chisel  drafts  one  and  one-half  (ij)  in.  wide  shall  be  cut  at  exterior  comers. 

35.  Holes  for  stone  hooks  shall  not  be  permitted  to  show  in  exposed  surfaces.  Stone  shall 
be  handled  with  clamps,  keys,  lewis  or  dowels. 

36.  Stretchers. — Stretchers  shall  not  be  less  than  four  (4)  ft.  long  and  have  at  least  one  and  a 
quarter  times  as  much  bed  as  thickness  of  course. 


37.  HMlders.^Headers  shall  not  be  less  than  four  (4)  ft.  loi^,  shall  occupy  one-fifth  of  face  I 
rail,  shall  not  be  less  than  eighteen  (iS)  in.  wide  in  face,  and,  where  the  counse  is  more  than 
n  (18)  in.  high,  width  of  race  shall  not  be  less  than  height  of  ci 


28.  Headers  shall  hold  in  heart  of  wall  the  same  size  shown  in  face,  so  arranged  that  a  header 
in  a  superior  course  shall  not  be  laid  over  a  joint,  and  a  joint  shall  not  occur  over  a  header;  the 
same  disposition  shall  occur  in  back  of  wall. 

2g.  Headers  in  face  and  back  of  wall  shall  interlock  when  thickness  of  wall  will  admit.  ' 

^o.  Where  the  wall  is  three  (3]  ft.  thick  or  less,  the  face  stone  shall  pass  entirely  through. 
Backing  shall  not  be  permitted. 

*  }l-a.  Backing. — Backing  shall  be  large,  well-shaped  stone,  roughly  bedded  and  jointed;  1 
bed  joints  shall  not  exceed  one  (1)  in.  At  least  one-half  of  the  backn^  atone  shall  be  of  same 
uze  and  character  as  the  face  stone  and  with  parallel  ends.  The  verti<^  joints  in  back  of  wall 
shall  not  exceed  two  (3)  in.     The  interior  vertical  joints  shall  not  exceed  six  (6)  in.     Voids  ahall 


31-b.  Backing  shall  be  {  kfod^rj  and  siretehers.  ai  spetified  in  paragrapht  a6  and  2f,  and 

\     heart  of  viaUfiUed  with  concrete. 
33.  Where  the  wall  will  not  admit  of  such  arrangement,  stone  not  less  than  four  (4)  ft.  long 
shall  be  placed  transversely  in  heart  of  wall  to  bond  the  opposite  sides.  1 

33.  Where  stone  is  backed  with  two  courses,  neither  course  shall  be  less  than  e^ht  (8)  in. 
thick. 

34.  Bond. — Bond  of  stone  in  face,  back  and  heart  of  wall  shall  not  be  less  than  twe!ve  (iz)  | 
in.     Backing  shall  be  laid  to  break  joints  with  the  face  stone  and  with  one  another. 

35.  Coping. — Coping  stone  shall  be  full  size  throughout,  of  dimensions  indicated  on  the 
drawings. 

36.  Beds,  JMnts  and  top  shall  be  fine-pointed. 

37.  Locatbn  of  joints  shall  be  determined  by  the  powtion  <A  the  bed  plates,  and  be  indicated 
on  the  drawings. 

^9.  LockB.—'Where  required,  coping  stone,  stone  in  the  wines  of  abutments,  and  stone , 
on  piers,  shall  be  secured  together  with  iron  clamps  or  dowels,  to  the  position  indicated  on  the 
drawii^:s. 

Bridge  and  Rbtaining  Wall  Masonkv — Rubblb  Stone. 

39.  DrMdng. — The  stone  shall  be  roughlj'  squared,  and  laid  in  irregular  couraea.  Beds  shall 
be  parallel,  roughly  dressed,  and  the  stone  laid  horizontal  to  the  wall.  Face  joints  shall  not  be 
more  than  one  (i)  in.  thick.     Bottom  stone  shall  be  large,  selected  flat  stone. 

40.  La^Dg.—The  wall  shall  be  compactly  laid,  having  at  least  one-fifth  the  surface  of  back 
and  face  headers  arranged  to  interlock,  having  all  voids  in  the  heart  of  the  wall  thoroughly  filled 

-^.   f  CDiKrefa. 

\  iuitaiit  itonts  and  spoils,  fvUy  bedded  in  cement  mortar. 

Arch  Masonry— Ashlar  Stons. 

41.  Aich  iSuMXj,  AaUar  Stone. — Voussoirs  shall  be  full  'size  throughout  and  dresKd  true  ' 
to  templet,  and  shall  have  bond  not  less  than  thickness  of  stone. 

43.  Dres^ng. — Joints  of  voussoirs  and  intrados  shall  be  fine-pointed.  Mortar  joints  shall 
not  exceed  three-eighths  (|)  in.  < 

(smooth, 
rock  faced,  wilk  a  marfituU 
draft.  I 

44.  Number  of  courses  and  depth  of  voussoirs  shall  be  indicated  on  the  drawings.  ' 

45.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 
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46.  Baddng. — Bacldng  shall  cooEist  of  j  large  stont,  shaped  to  fit  the  arch  bonded  to  the  spandrel 

[     and  laid  infuii  bed  of  mortar. 

47.  Where  waterproofing  U  required,  a  thin  coat  of  mortar  or  grout  shall  be  applied  eveoly 
for  a  finisbing  coat,  upon  which  shall  be  placed  a  covering  of  approved  waterproofing  material. 

48.  Centers  shall  not  be  struck  until  directed  by  the  engineer. 

49.  Bendl  Walls,  Fien,  SpUUlrelB,  etc — Bench  walls,  piers,  spandrels,  (larapcts,  wing  walls 
and  copings  shall  be  built  under  the  specificatioos  for  Bridge  and  Retainii^  Wall  Maaonry, 
Ashlar  Stone. 

Arcb  Masoksv — RuBa.E  Stone. 

50.  Arch  Mtaonir,  KnbUe  Stone. — Vousstnrs  shall  be  full  dze  throughout,  and  shdll  have 
bond  not  less  than  thickness  of  voussoirs. 

51.  Dressiilf. — Beds  shall  be  roughly  dressed  to  bring  them  to  radial  planes. 
53.  Mortar  joints  shall  not  exceed  one  (i)  in. 

53.  Face  or  Surface. — Exposed  surfaces  of  the  ring  stone  shall  be  rock-faced,  and  edges 
pitched  to  true  lines. 

.U.  VouBSoirs  shall  be  placed  in  the  order  indicated  on  the  drawing;B. 

{concrete, 
large  stone,  shaped  to  fit  the  arch,  bonded  to  the  ipan- 
drel,  and  laid  in  full  bed  of  mortar. 

56.  Where  waterproofing  is  required,  a  thin  coat  of  mortar  or  grout  shall  be  applied  evenly 
for  a  finishing  coat,  upon  which  shall  be  placed  a  covering  of  approved  waterproofing  material. 

57.  Centers  shall  not  be  struck  until  directed  by  the  engineer. 

58.  Bench  Walla,  Piers,  Spandrelai  etc. — Bench  walls,  fliers,  spandrels,  parapets,  wing  walls 
and  copings  shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall  Masonry, 
Rubble  Stone. 

CuLVBRT  Masonry. 

y  shall  be  laic  .__  __ 

s  specified  for  Bridge  and  Retaining  Wall  Masonry, 
Rubble  Stone. 

60.  Side  Walls.— One-half  the  top  stone  of  the  side  walls  shall  extend  entirely  across  the 
wall. 

61.  Cover  Stones.— <rovering  stone  shall  be  sound  and  strong,  at  least  twelve  (is)  in.  thick, 
or  as  indicated  on  the  drawings.  They  shall  be  roughly  dressed  to  make  close  joints  with  each 
other,  and  lap  their  entire  width  at  least  twelve  (12)  in,  over  the  side  walls.  They  shall  be  doubled 
under  high  embankments,  as  indicated  on  the  drawings. 

63.  End  Walls,  Coping. — End  walls  shall  be  covered  with  suitable  coping,  as  indicated  on 
the  drawings. 

Dbv  Masonry. 

^taininz  walls  and  slone  walls- 
rubble  stone  laid  without  mortar  is  used  for  retaining  embankments  or  for  similar  purposes. 

65.  Dressing. — -Flat  stone  at  least  twice  as  wide  as  thick  shall  be  used.  Beds  and  joints 
shall  be  roughly  dressed  square  to  each  other  and  to  face  of  stone. 

66.  Joints  shall  not  exceed  three-quarters  (J)  in. 

67.  bisposition  of  Stone. — Stone  of  different  sixes  shall  be  evenly  distributed  over  entire 
face  of  wall,  generally  keeping  the  larger  stone  in  lower  part  of  wall. 

6fi  The  work  shall  be  well  bonded  and  present  a  reasonably  true  and  smooth  surface,  free 
from  holes  or  projections. 

69.  Slope  Widls. — Slope  Walls  shall  be  built  of  such  thickness  and  slope  as  directed  by  the 
'    "      t  De  used  in  this  construction  which  does  not  reach  entirely  through  tl 


engineer.  Stone  shall  not  be  used  in  this  construction  which  does  not  reach  entirely  through  the 
wall.  Stone  shall  be  placed  at  right  angles  to  the  slopes.  The  wall  shall  be  built  simultaneously 
with  the  embankment  which  it  is  to  protect. 
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.  Cement— The  o 


Concrete  Materials. 
.t  shall  be  Portland  and  Bhall  meet  the  requirements  of  the  standanl 


2.  Fine  Anregates. — Fine  aggre^te  shall  consist  of  sand,  crushed  stone  or  giavel  scn^nings, 
graded  from  fine  to  coarse,  and  passing  when  dry  a.  screen  having  J  in.  diameter  holes;  it  shall 
preferably  be  of  hard  siliceous  material,  clean,  free  from  dust,  soft  i^articles,  vegetable  loam  or 
other  deleterious  matter,  and  not  more  than  6  per  cent  shall  pass  a  ueve  having  too  meshes  per 
linear  inch. 

3.  The  fine  aggregate  shall  be  of  such  quality  that  mortar  composed  of  one  part  Portland 
cement  and  three  parts  fine  aggregate  by  weight  when  made  into  briquettes  shall  show  a  tensile 
strength  at  least  equal  to  the  strength  of  i  :  3  mortar  of  the  same  consistency  made  with  some 
cement  and  standard  Ottawa  sand.f 

4.  Coarse  Aggregates.— Coarse  aggregate  shall  consist  of  material  such  as  crushed  stone  or 
gravel  which  is  retained  on  a  screen  having  i  in.  diameter  holes  and  having  gradation  of  sizes  from  I 
the  smallest  to  the  largest  particles;  it  shall  be  clean,  hard,  durable  and  free  from  all  deleterious 
matter.     Aggregates  containing  dust,  soft  or  elongated  particles  shall  not  be  used.  | 

5.  Water. — The  water  used  in  mixing  concrete  shall  be  free  from  oil,  acid,  and  injurioiu  - 
amounts  of  alkalies  or  vegetable  matter. 

Steel  Reintorcbhent.  I 

6.  HannfacttiTe. — Steel  shall  be  made  by  the  open-hearth  process.  Rerolled  material  will 
not  be  accepted. 

7.  Plates  and  shapes  used  for  reinforcement  shall  be  of  structural  steel  only.  Bars  and 
wire  may  be  of  structural  steel  or  high  carbon  steel. 

S.  Schedule  of  Requirements. — The  chemical  and  physical  properties  shall  conform  to  the 
following  limits:  I 


Elcmcnu  Considered. 

Structural  Seed. 

HIgb  Certno  Steel. 

«-p'»"'-™- {S;:;:;::;;::::;::::::; 

0.04  per  cent 
0.06  per  cent 
0.0s  per  cent 

0.04  per  cent 
o.o6  per  cent 
0.0s  per  cent 

Ultimate  teniilc  strength  in  pound*  per  square 

Desired 

60,000 

i,50o,ooot 

Lit.  tensile  strength 

Silky 

180°  flat 

Desired 

88.000 

1,000.000 

Elong..  min.  per  cent  b  8  in.,  Fig.  I | 

Ult.  tensile  strength 
Silky  or  finely 

il^'d-Vs 

9.  Tleld  Point. — The  yield  point  for  bars  and  wire,  as  indicated  by  the  drop  of  the  beam, 
shall  be  not  less  than  60  per  cent  of  the  ultimate  tensile  strength. 

10.  Allowable  Vaiiatioiu. — If  the  ultimate  strength  varies  more  than  4,000  lb.  for  structural 
steel  or  6,000  lb.  for  hi^h  carbon  steel,  a  reCest  shall  be  made  on  the  same  gage,  which,  to  be  ac- 
ceptable, shall  be  within  5,000  lb.  for  structural  steel,  or  8,000  lb.  for  high  carbon  steel,  of  the 
desired  ultimate. 

*  Adopted  by  the  American  Railway  Engineering  Association. 

t  This  sand  may  be  obtained  from  the  Ottawa  Silica  Company  at  a  cost  of  3  eta.  per  lb. 
f.  o.  b.  cars,  Ottawa,  111. 

iSee  paragraph  15. 
"d  —  4/    signifies 


>und  a  pin  whose  diameter  is  four  ti 
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the  thickness  i4  the  speciraen." 
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SPECIFICATIONS  FOR  PLAIN  AND  REINFORCED  CONCRETE.  273 

II.  Chemical  Analyses. — Chemical  determinations  of  the  percentages  of  carbon,  phosphonis, 
sulphur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the  time 
of  the  pouring  of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the 
engineer  or  his  inspector.  Check  analysb  shall  be  made  from  iinished  material,  if  called  for  by 
the  railroad  company,  in  which  case  an  excess  of  35  per  cent  above  the  required  limits  will  be 

la.  Fonn  of  Specimens. — Platesi  Shapes  and  Ban:  Specimens  for  tensile  and  bending 
tests  for  plates  and  shapes  shall  be  made  by  cutting  coupons  from  the  finished  product,  which 
shall  have  both  faces  rolled  and  both  edges  millet!  to  the  form  shown  by  Fig.  i;  or  with  both  edges 
parallel:  or  they  may  be  turned  Co  3  diameter  of  ]  in.  with  enlarged  ends. 

13.  Bars  shall  be  tested  in  their  finished  form. 


iijfi' 

it  *  t 

//''.  ■    - 

^ 

i 

■        ■— rtJl-l%i*l*Ete 

-ikboutu 
FlG.   I. 

, ..._.-> 

14.  Nnmbttr  at  Tests. — At  least  one  tensile  and  one  bending  test  shall  be  made  from  each  melt 
of  steel  as  rolled.  In  case  steel  differing  J  in.  and  more  in  thickness  is  rolled  from  one  melt,  a 
test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

15.  HodiScatlanfl  la  Elongation. — For  material  less  than  A  '"■  and  more  than  i  in.  in  thick- 
ness the  (ollowii^  modifications  will  be  allowed  in  the  req^uirements  for  elongation: 

(a)  For  each  -ff  in.  in  thickness  below  A  '«■  a  deduction  of  ai  will  be  alk>wed  from  the  speci- 

fied percentage. 

(b)  For  each  |  in.  in  thickness  above  }  in.,  a  deduction  of  I  will  be  allowed  from  the  specified 

percentage. 

16.  Beading  Testa. — Bending  test  may  be  made  by  pressure  or  by  blows.  Shapes  and  bars 
less  than  one  inch  thick  shall  bend  as  called  for  in  iKiragraph  8. 

17.  Thick  Uateiiol. — Testspecimensoneinchthickandovershall  bend  cold  160  degrees  around 
a  pin,  the  diameter  of  which,  for  structural  steel,  is  twice  the  thickness  of  the  specimen,  and  for  high 
carbon  steel,  is  six  times  the  thickness  of  the  specimen,  without  fracture  on  the  outside  of  the  bend, 

18.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges  or  other  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish. 

19.  Stam^ug. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of 
the  manufacturer  stamped  or  rolled  upon  it,  except  that  bar  steel  and  other  small  parts  may  be 
bundled  with  the  above  marks  on  an  attached  metal  tag. 

ao.  DefectiTe  H«teiiaL — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and  its 
acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found  to 
have  injurious  defects,  will  be  rejected  and  shall  be  replaced  by  the  manufacturer  at  his  own  cost. 

21.  Reinforcing  steel  shall  be  free  from  excessive  rust,  loose  scale,  or  other  coatings  of  any 
character,  which  would  reduce  or  destroy  the  bond. 

WO&KUANSHIP. 

32.  Unit  of  Heastue. — The  unit  of  measure  shall  be  the  cubic  foot.  A  bag  containing  not 
less  than  9d  lb.  of  cement  shall  be  assumed  as  one  cubic  foot  of  cement.  Fine  and  coarse  aggre- 
gates shall  be  measured  separately  as  loosely  thrown  into  the  measuring  receptacle. 

23.  Relation  of  Fine  and  Coarse  Aggregates.— The  fine  and  coarse  a^regates  shall  be  used 
in  aucn  relative  proportions  as  will  insure  maximum  density. 
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BRItKiE  ABUTMENTS  AND  PIERS. 


Note: — ^Thi»  blank  to  be  fiTled  for  each  contract. 

as.  For  plain  concrete,  a  proportion  of  i  :  9  (unless  otlm-wiae  specified)  shall  be  used,  i.  e., 
one  part  of  cement  to  a  total  of  nine  parts  of  fine  and  coane  aggregates  measured  separately;  for 
example,  i  cement.  3  fine  aggregate,  6  coarse  aggregate. 

lb.  For  reinforced  concrete  a  proportion  of  i  :  6  (unless  otherwise  specified)  shall  be  used, 
i.  e.,  one  part  of  cement  to  a  total  of  six  parts  of  fine  and  coarse  aggregates  measured  separately; 
for  example,  i  cement,  2  fine  aggregate,  and  4  coarse  aggregate. 

37.  Mizliig. — The  ingredients  of  concrete  shall  be  thoroughly  mixed  to  the  de^red  con- 
ustency,  and  the  mixing  shall  continue  until  the  cement  is  uniformly  distributed  and  the  mass 
is  uniform  in  color  and  hom<^eneous. 

36.  Ueasuring  PropOTtloaB. — The  various  ingredients,  including  the  water,  shall  be  measured 
separately,  and  the  metnods  of  measurement  shall  be  such  as  to  secure  the  proper  proportions  at 
alltimes. 

19.  Hachlno  Hlxlog. — A  machine  mixer,  preferably  of  the  batch  type,  shall  be  used,  wher- 
ever the  volume  of  the  work  will  justify  the  expense  of  installing  the  plant.  The  requirements 
demanded  are  that  the  product  delivered  shall  be  of  the  specified  proportions  and  consistency 
and  thoroughly  mixed. 

30.  Hand  Mixing. — When  it  is  necessary  to  mix  by  hand,  the  mixing  shall  be  on  a  watertight 
platform  of  sufiicient  size  to  accommodate  men  and  materials  for  the  progressive  and  rapid  mixing 
-'  --  '--"t  two  batches  of  concrete  at  the  same  time.     Batches  shall  not  exceed  one-half  cubk 


even  color.  The  water  necessary  to  mix  a  thin  mortar  shall  then  be  added  and  the  mortar  spread 
again.  The  coarse  aggregates,  which,  if  dry,  shall  first  be  thoroughly  wetted  down,  shall  then 
be  added  to  the  mortar.  The  mass  ^all  then  be  turned  with  shovels  or  hoes  until  thoroughly 
mixed  and  all  the  aggregate  covered  with  mortar.  Or,  at  the  option  of  the  engineer,  the  coarse 
aggregate  may  be  added  before,  instead  of  after,  adding  the  water. 

^i.  Conmctency. — The  materials  shall  be  mixed  wet  enough  to  produce  a  concrete  of  such 
consistency  that  it  will  flow  into  the  forms  and  about  the  metal  reinforcement,  and  which,  on 
the  other  hand,  can  be  conveyed  from  the  place  of  mixing  to  the  forms  without  separation  of  the 
coarse  aggregate  from  the  mortar. 

33.  Retempering, — Retempering  raortar  or  concrete,  i  e.,  remixing  with  water  after  it  has 
partially  set,  will  not  be  permitted. 

J .3.  Placing  of  Concrete.— Concrete  after  the  completion  of  the  mixii^  shall  be  handled 
iv  to  the  place  of  final  deposit  and  under  no  circumstances  shall  concrete  be  used  that  has 
partially  set  before  final  placing. 

3^.  The  concrete  shall  be  deposited  in  such  a  manner  as  will  prevent  the  separation  of  the 
ingredients  and  permit  the  most  thorough  compacting.  It  shall  be  compacted  by  working  with 
a  straight  shovel  or  slicing  tool  kept  moving  up  and  down  until  all  the  ingredients  have  settled  in 
their  proper  place  and  the  surplus  water  is  forced  to  the  surface.  In  general,  except  in  arch  work, 
all  concrete  must  be  deposited  in  horizontal  layers  of  uniform  thickness  throughout. 

35.  In  depositing  concrete  under  water,  special  care  shall  be  exercised  to  prevent  the  cement 
from  floating  away  and  to  prevent  the  formation  of  laitance. 

36.  Before  depositing  concrete  the  forms  shall  be  thoroughly  wetted  (except  in  freezing 
weather)  or  oiled,  and  the  space  to  be  occupied  by  the  concrete  cleared  of  debris. 

37.  Before  placing  new  concrete  on  or  Etgainst  concrete  which  has  set,  the  surface  of  the  latter 
shall  be  roughened,  thoroughly  cleansed  of  foreign  material  and  laitance,  drenched  and  slushed 
with  a  mortar  conwsting  of  one  part  Portland  cement  and  not  more  than  two  parts  fine  aegregate. 

38.  The  faces  of  concrete  exposed  to  premature  drying  shall  be  kept  wet  for  a  penod  of  at 
least  three  days. 
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39.  Fn«diig  WMiflm. — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
unless  special  precuations,  approved  by  the  engineer,  are  taken  to  avoid  the  use  of  materials 
covered  with  ice  crystals  or  containii^  frost  and  to  provide  means  to  prevent  the  concrete  from 

The  author  has  used  the  following  specification  for  depoeitii^  concrete  in  freezing  weather; — 
When  the  ttrnpcratiire  of  the  air  is  belva  40'  F.  during  the  Hme  of  mixing  and  placing  concrete,  the 
maler  used  in  mixing  concrete  shall  be  heaUd  to  such  a  temperature  thai  the  temperature  of  the  concrete 
mixture  shall  not  be  less  than  60°  vhen  it  reaches  its  final  position  in  Ike  forms.  Care  shall  be  used 
IhfU  the  cement  shall  not  be  injured  by  boiling  utater. 

40.  Rabble  Concrete. — Where  the  concrete  is  to  be  deposited  in  massive  work,  clean,  large 
stones,  evenly  distributed,  thoroughly  bedded  and  entirely  surrounded  by  concrete,  may  be 
used,  at  the  option  of  the  eniHneer. 

41.  Fonns. — Forms  shall  be  substantial  and  unyielding  and  built  so  that  the  concrete  shall 
conform  to  the  designed  dimensions  and  contours,  and  so  constructed  as  to  prevent  the  leakage 

43.  The  forms  shall  not  be  removed  until  authorized  by  the  engineer. 

43.  For  all  important  work,  the  lumber  used  for  face  work  shall  be  dressed  to  a  uniform  thick- 
ness and  width;  shall  be  sound  and  free  from  loose  knots  and  secured  to  the  studding  or  uprights 
in  horizontal  lines. 

44.  For  backings  and  other  rough  work  undressed  lumber  may  be  used. 

45.  Where  comers  of  the  masonry  and  other  projections  liable  to  injury  occur,  suitable  mold- 
ii^B  shall  be  placed  in  the  angles  of  the  forms  to  round  or  bevel  them  off. 

46.  Lumber  once  used  in  forms  shall  be  cleaned  befc*e  being  used  again. 

47.  The  reinforcement  shall  be  carefully  placed  in  accordance  with  the  i 

means  shall  be  provided  to  hold  it  in  its  proper  position  until  the  ~ 

and  compacted. 

Details  of  Constructioij. 

48.  S[dlcing  Rrinforcement — Wherever  it  is  necessary  to  splice  the  reinforcement  otherwise 

in  as  shown  on  the  p'"        '"""  """  '  "*"         '"  -'•'--  j--^-i- j  l..  -l.         ^  .. 

basis  of  the  safe  bond  s.  . . . 

shall  not  be  made  at  points  of  m 

49.  Joints  in  Concrete. — Concrete  structures,  wherever  possible,  shall  be  cast  at  one  opera- 
tion, but  when  this  is  not  possible,  the  resulting  joint  shall  be  formed  where  it  will  least  impair 


strength  and  appearance  of  the  structure. 

50,  Girders  and  slabs  shall  not  be  constructed  over  freshly  formed  walls  or  columns  without 
permitting  a  period  of  at  least  four  hours  to  elapse  to  provide  for  settlement  or  shrinkage  in  the 
supports.  Before  resuming  work,  the  tops  of  such  walls  or  columns  shall  be  cleaned  of  foreign 
matter  and  laitance. 

51  A  triangular-shaped  groove  shall  be  formed  at  the  surface  of  the  concrete  at  vertical 
joints  in  walls  and  abutments. 

5a  Surface  Finish. — Except  where  a  special  surface  finish  b  required,  a  spade  or  special 
tool  shall  always  be  worked  between  the  concrete  and  the  form  to  force  back  the  coarse  aggre- 
gates and  produce  a  mortar  face. 

53.  Top  Stirf«ce8.— Top  surfaces  shall  generally  be  "struck"  with  a  straight  edge  or  "floated" 
after  the  coarse  ageregates  have  been  forced  below  the  surface. 

54.  ^dewiUk  F1iush.-~Where  a  "sidewalk  finish"  is  called  for  on  the  plans,  it  shall  be  made 
by  spreading  a  layer  of  t  :  2  mortar  at  least  J  in.  thick,  troweling  the  same  to  a  smooth  surface. 
tTjis  finishing  coat  shall  be  put  on  before  the  cr~— •-  '-- -  •-' —  —  •-'■''—'  — ■ 
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276  BRIDGE  ABUTMENTS  AND  PIERS.  Chap.  VL 

REraREHCBS. — Plain  niasoiiry  and  concrete  abutmenti  and  piers,  only,  have  been  con- 
tudered  in  this  chapter.    The  following  books  may  be  consulted  for  additional  information. 

Baker's  "  Masonry  Construction,"  John  Wiley  &  Sons,  gives  a  full  discussion  of  the  design 
of  masonry,  plain  and  reinforced  concrete  abutments  and  piers,  and  the  different  methods  «f 
constructing  abutments  and  piers. 

Fowler's  "  Ordinary  Foundations,"  John  Wiley  &  Sons,  gives  a  full  discussion  of  the  deagn 
and  construction  of  abutcucnts  and  piers,  with  special  attention  given  to  the  coffer  dam  process. 

Jacoby  and  Davis'  "  Foundations  of  Bridges  and  Buildings,"  McGraw-Hill  Book  Co.,  givts 
a  full  discussion  of  the  design  and  construction  of  abutments  and  piers. 

Bulletin  140  of  the  Am.  Ry.  Eng.  Assoc,  has  an  article  on  the  Design  of  Railway  Brid^  Abut- 
ments by  Mr.  J.  H.  Prior,  Asst.  Engineer,  C.  M.  &  St.  P.  Ry.  This  article  describes  in  dctaS 
the  standard  plain  and  reinforced  concrete  abutments  used  by  the  C.  M.  &  St.  P.  Ry. 
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.     CHAPTER  VII. 

TiiiBES  Bridges  and  Trestles. 

Dtflditioiu. — The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
neering Association. 

Wooden  Treitlo. — A  wooden  structure  composed  of  upright  members  supporting  simple 
horizontal  members  or  beams,  the  whole  forming  a  support  for  loads  applied  to  the  horizontal 
members. 

Frame  Trestle. — A  structure  in  which  the  upright  members  or  supports  are  framed  timbers. 
Pile  Trestle. — A  structure  in  which  the  upright  members  or  supports  arc  piles. 
Bent — The  group  of  members  forming  a  single  vertical  support  of  a  trestle,  designated  as 
pile  bent  where  the  principal  members  arc  piles,  and  as  framed  bent  where  of  framed  timbers. 
Post — <)ne  of  the  vertical  or  battered  members  of  the  bent  of  a  framed  trestle. 
Kle. — (See  definition  under  subject  of  Piles  and  Pile  Driving.) 
Batter. — A  deviation  from  the  vertical  in  upright  members  of  a  bent- 
Cap. — A  horizontal  member  upon  the  top  of  piles  or  posts,  connecting  them  in  the  form  of  a 
bent. 

Sin. — ^A  lower  horizontal  member  of  a  framed  bent. 
Sub-^IL — A  timber  bedded  in  the  ground  to  support  a  framed  bent. 

Intermediate  SilL — A  horizontal  member  in  the  plane  of  the  lient  between  the  cap  and  sill 
lo  which  the  posts  are  framed. 

Sway  Brace. — A  member  bolted  or  spiked  to  the  bent  and  extending  diagonally  across  its 

Lon^tndinal  Strnt  or  Girt — A  stiff  member  running  horizontally,  or  nearly  so,  from  bent  to 
bent. 

Loagitadinal  X-Brace. — A  member  extending  diagonally  from  bent  to  bent  in  a  vertical  or 
battered  plane. 

Saah  Brace. — A  horizontal  member  secured  to  the  posts  or  piles  of  a  bent- 
Stringer. — A  longitudinal  member  extending  from  bent  to  bent  and  supportii^  the  ties.. 

Jack  Stringer.— A  stringer  placed  outside  of  the  line  of  main  stringers. 

Tie. — A  transverse  timber  resting  on  the  stringers  and  supportii^  the  rails. 

Guard  RaiL — A  longitudinal  member,  usually  a  metal  rail,  secured  on  top  of  the  ties  inside 
of  the  track  rail,  to  guide  derailed  car  wheels. 

Gnard  Timber.— A  loi^tudinal  timber  framed  over  the  ties  outside  of  the  track  rail,  to 
maintain  the  spacing  of  the  ties. 

Packing  Block. — A  small  member,  usually  wood,  used  to  secure  the  parts  of  a  composite 
memtier  in  that  proper  relative  positions. 

Packing  Spool  or  Separator. — A  small  casting  us^d  in  connection  with  packing  bolts  to 
secure  the  several  parts  of  a  composite  member  in  their  proper  relative  positions. 

Drift  Bolt — A  piece  of  round  or  square  iron  of  specified  length,  with  or  without  head  or 
point,  driven  as  a  spike. 

IJcweL — An  iron  or  wooden  pin,  attending  into,  but  not  through,  two  members  of  the  struc- 
ture to  connect  them. 

Shim.— A  small  piece  of  wood  or  metal  placed  between  two  members  of  a  structure  to  bring 
them  to  a  deured  relative  position. 

Ksh-Plate. — A  short  piece  lapfung  a  joint,  secured  to  the  side  of  two  members,  to  connect 
them  end  to  end. 

Bulkhead. — A  wall  of  timber  placed  against  the  side  of  an  end  bent  to  retain  the  embankment. 

Structural  Timber. 

Definitions. — The  following  definitions  have  I>een  adopted  by  the  American  Railway  Engi- 
neering Association. 

Timber, — A  single  stick  of  wood  of  regular  cross-section. 

Croaa-Section.- A  section  of  a  stick  at  right  angles  to  the  axis. 

Tine.;— Of  uniform  cross-section.  Defects  are  caused  by  wavy  or  jagged  sawing  or  consist 
of  trapezindal  instead  of  rectangular  cross-sections.  -,  . 
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Axis. — The  line  connecting  the  centers  of  successive  cross-tectioos  of  a  sdck. 

StnughL — Having  a  straight  line  for  an  axis. 

Out  of  Wind. — Haviag  the  longitudinal  surfaces  plane. 

Full  LenKth.^Long  enough  to  "square"  up  to  the  length  specified  in  the  order. 

Comer. — -The  line  of  intersection  of  the  planes  of  two  adjacent  loi^tudina]  surfaces. 

Girth. — The  perimeter  of  a  cross-section. 

^de. — Either  of  the  two  wider  longitudinal  surfaces  of  a  stick. 

Bdge.—Eitber  of  the  two  narrower  longitudinal  surfaces  of  a  stick. 

Face. — The  surface  of  a  stick  which  is  exposed  to  view  in  the  finished  structure. 

Sapwood. — A  cylinder  of  wood  next  to  the  liark  and  of  lighter  color  than  the  wood  within. 
It  may  be  of  uneven  thickness. 

Hbutwood. — The  older  and  central  part  of  a  log,  usually  darker  in  color  than  sapwood. 
It  appears  in  strong  contrast  to  the  sapwood  in  some  species,  while  in  others  it  is  but  slightly 
deferent  in  color. 

Spiingwood. — The  inner  part  of  the  annual  ring  formed  in  the  earlier  part  of  the  season, 
not  necessarily  in  the  spnng,  and  often  containing  vessels  or  pores. 

Summenrood. — The  outer  part  of  the  annual  ring  formed  later  in  the  season,  not  necessarily 
in  the  summer,  being  usually  dense  in  structure  and  without  conspicuous  pores. 

Decay  .^Complete  or  partial  disintegration  of  the  cell  walls,  due  to  the  growth  ol  fungi. 

Sound. — -Free  from  decay. 

Solid. — Without  cavities;  free  from  loose  heart,  wind  shakes,  bad  checks,  splits  or  breaks, 
loose  slivers,  and  worm  or  insect  holes. 

Wane. — -A  deficient  comer  due  to  curvature  or  to  taper  of  the  log. 

Square  Cornered. — Free  from  wane. 

EuoL — The  hard  mass  of  wood  formed  in  a  trunk  at  a  branch,  with  the  grain  distinct  and 
separate  from  the  grain  of  the  trunk. 

CroBB-Giain. — The  gnarly  mass  of  wood  surroundii^  a  knot,  or  grain  injuriously  out  d 
parallel  with  the  axis. 

^^nd  Shake. — A  crack  or  fissure,  or  a  series  of  them,  caused  durinj  growth. 

Standard  Defects  of  Structuhai.  Timber.' 

The  standard  defects  included  in  the  foHowing  list  are  mostly  such  as  may  be  termed  natural 
-defects,  as  distinguished  from  defects  of  manufacture.  The  latter  have  usually  been  omitted, 
because  the  defects  of  manufacture  are  of  minor  signihcance  in  the  grading  of  structural  timber: 

Sound  Knot.— A  sound  knot  is  one  which  is  solid  across  its  face  and  is  as  hard  as  the  wood 
surrounding  it.  It  may  be  either  red  or  black,  and  is  so  fixed  by  growth  or  position  that  it  wilt 
retain  its  place  in  the  piece. 

Loose  Enob — A  loose  knot  is  one  not  firmly  held  in  place  by  growth  or  position. 

Kth  Knot^A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  J  in,  in  diaroeterf 
In  the  center. 

Encased  Knot. — An  encased  knot  is  one  which  is  surrounded  wholly  or  in  part  by  bark  or 
pitch.  Where  the  encasement  is  less  than  i  in.  in  width  on  each  side,  nor  exceeding  one-half  the  . 
circumference  of  the  knot,  it  shall  be  considered  a  sound  knot. 

Rotton  Knot.— A  rotten  knot  is  one  not  as  hard  as  the  wood  surrounding  it. 

Pin  Knot. — A  pin  knot  is  a  sound  knot  not  over  i  in.  in  diameter. 

Standard  Knot. — A  standard  knot  is  a  sound  knot  not  over  i)  in.  in  diameter. 

Large  KooL — A  large  knot  is  a  sound  knot,  more  than  i )  in.  in  diameter. 

Round  Knot.— A  round  knot  is  one  which  is  oval  or  cirrular  in  form. 

S^e  Knot.— A  spike  knot  is  one  sawn  in  a  Ict^thwise  direction.  The  mean  or  average 
diameter  shall  be  taken  as  the  size  of  the^  knots.  i 

Pitch  Pockets.^ — ^Pitch  pockets  are  openings  between  the  grain  of  the  wood,  containing  more   ; 
or  less  pitch  or  bark.     These  shall  be  classified  as  small,  standard  and  large  pitch  pockets. 

StHoU  Pitch  Pocket.— (a).— A  small  pitch  pocket  is  one  not  over  }  in.  wide. 

Standard  Pitch  Pocket,- — (b).— A  standard  pitch  pocket  is  one  not  over  \  in.  wide  nor  over 
3.in.  in  length. 

Larse  Pitch  Focket.^c).—A  large  pitch  pocket  is  one  over  f  in.  wide,  or  over  3  in.  in  length. 

Pitch  Streak. — A  pitch  streak  is  a  well-defined  accumulation  of  pitch  at  one  point  in  the 
piece.  When  not  sufficient  to  develop  a  well-defined  streak,  or  where  the  fiber  between  grains, 
that  is,  the  coarse  grained  fiber,  usually  termed  "spring  wood,"  is  not  saturated  with  pitch,  it 
shall  not  be  considered  a  defect. 

•Adopted  by  Am.  Ry.  Eng.  Assoc.,  Vol.  8,  1907. 

t  Measurements  which  refer  to  the  diameter  of  Icnots  or  holes  shall  be  considered  as  the  mean 
or  average  diameter  in  all  cases. 
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-Shakes  are  spliu  or  checks  in  timber  which  usually  cause  a  separation  of  the 
wood  between  annual  ringE. 

Ring  Stuik«. — An  openina;  between  annual  rings. 

Throngh  Sukea. — A  shake  which  extends  between  two  faces  of  a  timber. 

Rot,  Dote  and  Rod  HeaiL^Any  form  of  decay  which  may  be  evident  either  as  a  dark  red 
discoloration  not  found  in  the  sound  wood,  or  by  the  presence  of  white  or  red  rotten  spots,  shall  be 
considered  as  a  defect. 

Wane. — (See  definition  under  the  subject  of  Structural  Timber.) 

Note. — See  additional  definitions  of  defects  under  Structural  Timber. 

Piles  and  Pile  Dsiving.* 

The  following:  definitions  and  the  principles  of  Pile  Driving  have  been  adopted  by  the  Ameri- 
can Railway  Engineering  Association. 

IHle. — A  member  usually  driven  or  jetted  into  the  ground  and  deriving  its  support  from  the 
underlying  strata,  and  by  the  friction  of  the  ground  on  its  surface.  The  usual  functions  of  a 
pile  are:  (a)  to  carry  a  superimposed  load;  (b)  to  compact  the  surrounding  ground;  (c)  to  form  a 
wall  to  exclude  water  and  soft  material,  or  to  resist  the  lateral  pressure  ofadjacent  ground. 

Head  of  Pile. — The  upper  end  of  a  pile. 

Foot  (rf  Pile. — The  lower  end  of  a  pile. 

Butt  <rf  Pile. — The  larger  end  of  a  pile. 

Up  <A  Pile.— The  smaller  end  of  a  pile. 

Bearine^e. — One  used  to  carry  a  superimposed  load. 

Screw  nle. — One  having  a  broad-bladed  screw  attached  to  its  foot  to  provide  a  larger  bearing 

Disc  Pile. — One  having  a  disc  attached  to  its  foot  to  provide  a  larger  bearing  area. 

Batter  Pile. — One  driven  at  an  inclination  to  resist  forces  which  are  not  vertical. 

Sheet  Pile. — Piles  driven  in  close  contact  in  order  to  provide  a  tight  wall,  to  prevent  leakage 
of  water  and  soft  materials,  or  driven  to  resist  the  lateral  pressure  of  adjacent  ground. 

Klo  Driver, — A  machine  for  driving  piles. 

Hammer. — .\  weight  used  to  deliver  blows  to  a  pile  to  secure  its  penetration. 

Drop  Hammer. — One  which  is  raised  by  means  of  a  rope  and  then  allowed  to  drop. 

Steam  Hammer,— One  which  is  automatically  raised  and  dropped  a  comparatively  short 
distance  by  the  action  of  a  steam  cylinder  and  piston  supported  in  a  frame  which  follows  the  pile. 

Leads.— The  upright  parallel  members  of  a  pile  driver  which  support  the  sheaves  used  to 
hoist  the  hammer  and  piles,  and  which  guide  the  hammer  in  its  movement. 

Cap. — A  block  used  to  protect  the  head  of  a  pile  and  to  hold  it  in  the  leads  during  driving- 
Ring.— A  metal  hoop  used  to  bind  the  head  of  a  pile  during  driving. 

Shoe. — A  metal  protection  for  the  point  or  foot  of  a  pile. 

Follower. — A  member  interposed  between  the  hammer  and  a  pile  to  transmit  blows  to  the 
Utter  when  below  the  foot  of  the  leads. 

PttE-DRIVING— Principles  of  Practice.— (i)  A  thorough  exploration  of  the  toil  by  borings, 
or  preliminary  test  piles,  is  the  most  important  prerequisite  to  the  design  and  construction  of 
pile  foundations. 

{i)  The  cost  of  exploration  is  frequently  less  than  that  otherwise  required  merely  to  revise 
the  plans  of  the  structure  involved,  without  considering  the  unnecessary  cost  of  the  s*'"" 
due  to  lack  of  information. 

(3)  Where  adequate  exploration  is  omitted,  it  may  result  in  the  entire  loss  of  the  81 
Of  in  greatly  increased  cost. 

(4)  The  proper  diameter  and  length  of  pile,  and  the  method  of  driving  depend  upon  the  result 
of  the  previous  exploration  and  the  purpose  for  which  they  are  intended. 

(5)  Where  the  soil  consists  wholly  or  chiefly  of  sand,  the  conditions  are  most  favorable  to 
the  use  of  the  water  jet. 

(6)  In  harder  soils  containing  gravel  the  use  of  the  jet  may  be  advantageous,  provided 
sufficient  volume  and  pressure  be  provided. 

(7)  In  day  it  may  be  economical  to  bore  several  holes  in  the  soil  with  the  aid  of  the  jet  before 
driving  the  pile,  thus  securing  the  accurate  location  of  the  pile,  and  its  lubrication  while  being 

(8)  In  general,  the  water  jet  should  not  be  attached  to  the  pile,  but  handled  separately. 

(9)  Two  jets  will  often  succeed  where  one  fails;  in  special  cases  a  third  jet  extending  a  part 
of  the  depth  aids  materially  in  keeping  loose  the  material  around  the  pile. 

(10)  Where  the  material  is  of  such  a  porous  character  that  the  water  from  the  jets  may  be 

•Forane!aboratebiblic^raphyon"PilesandPileDri™ig"see  Am.  Ry.Eng.  Assoc.,  Vol.  10. 
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dissipated  and  fail  to  coroe  up  in  the  immediate  vicinity  of  the  fnle,  the  utility  of  the  jet  is  uncer- 
tain, except  for  a  part  of  the  penetration. 

(ii)  A  steam  or  drop  hammer  should  be  used  in  connection  with  the  water  jet.  and  used  to 
test  the  final  rate  of  penetration. 

(12)  The  use  of  the  water  jet  is  one  of  the  most  effective  means  of  avcnding  injury  to  pile* 
by  overdriving. 

(13)  There  is  danger  from  overdriving  when  the  hammer  begins  to  bounce.  Overdriving  is 
also  indicated  by  the  bending,  Icicking  or  staggering  of  the  pile. 

(14}  The  brooming  of  the  bead  of  a  pile  dissipates  a  part,  and  in  some  cases  all,  of  the  energy 
due  to  the  fall  of  the  hammer. 

(15)  The  weight  or  the  drop  of  the  hammer  should  be  proportioned  to  the  weight  of  the 
pile,  as  well  as  to  the  character  of  the  soil  to  be  penetrated. 

(16)  The  steam  hammer  is  more  effective  than  the  drop  hammer  in  securing  the  penetration 
of  a  pile  without  injury,  because  of  the  shorter  interval  between  blows. 

(17)  Where  shock  to  surrounding  material  is  apt  to  prove  detrimental  to  the  structure,  the 
Eteam  hammer  should  always  be  used  instead  of  the  drop  hammer.  This  is  especially  true  in  the 
case  of  sheet  piling  which  is  intended  to  prevent  the  passage  of  water.  In  some  cases  also  the 
jet  should  not  be  used. 

(iS)   In  general,  the  resistance  of  piles,  penetrating  soft  material,  which  depend  solely  upon      I 
skin  friction,  is  materially  increased  after  a  period  of  rest.    This  period  may  be  as  short  as  fifteen 
'nutes,  and  rarely  exceeds  twelve  hours.  I 

(19)  In  tidal  waters  the  resistance  of  a  pile  driven  at  bw  tide  is  increased  at  high  tide  on 
:ount  of  the  ettra  compression  of  the  soil.  I 

{20)  Where  a  pile  penetrates  muck  or  a  soft  yielding  material  and  bears  upon  a  hard  stratum 
ai  its  foot,  its  strength  should  be  determined  as  a  column  or  beam;  omitting  the  resistance,  if  any, 
due  to  skin  friction.  I 

(31)  Unless  the  record  of  previous  experience  at  the  same  site  is  available,  the  approximate 
bearing  power  may  be  obtained  by  loading  test  piles.     The  results  of  loading  test  piles  should      I 
be  used  with  caution,  unless  their  condition  is  fairly  comparable  with  that  of  the  piles  in  the 
proposed  foundation. 

(m)   In  case  the  piles  in  a  foundation  are  expected  to  act  as  columns  the  results  of  loading 
test  l>iles  should  not  be  depended  upon  unless  they  are  sufficient  in  number  to  insure  their  action      1 
in  a  similar  manner,  and  they  are  stayed  against  lateral  motion.  ' 

(23)  Before  testing  the  penetration  of  a  pile  in  soft  material  where  its  bearing  power  depends  1 
principally,  or  wholly,  upon  skin  friction,  the  pile  should  be  allowed  to  rest  for  24  hours  after  | 
drivii^. 

(24)  Where  the  resistance  of  piles  depends  mainly  upon  skin  friction  it  is  possible  to  diminish 
the  combined  strength,  or  bearing  capacity,  of  a  group  of  piles  by  driving  additional  piles  within 
the  same  area. 

(25)  Where  there  is  a  hard  stratum  overlying  softer  material  through  which  the  piles  are  to 
pass  to  a  firm  bearing  below,  the  upper  stratum  should  be  removed  by  dredging  or  otherwise, 
provided  it  would  injure  the  piles  to  drive  through  the  stratum.  The  material  removed  may  be 
replaced  if  it  is  needed  to  provide  lateral  resistance. 

(36]  Timber  piles  may  be  advantageously  painted,  in  some  cases,  to  a  4-in.  or  6-in.  square 
at  the  end. 

(37)  Piles  should  not  be  pointed  when  driven  into  soft  material. 

(28)  Shoes  should  be  provided  for  piles  when  the  driving  is  very  hard,  especially  in  riprap  or 
shale,  and  should  be  so  constructed  as  to  form  an  integral  part  of  the  pile. 

(29)  The  use  of  a  cap  is  advantageous  in  distributing  the  impact  of  the  hammer  more  uni- 
formly over  the  head  of  the  pile,  as  well  aa  to  hold  it  in  position  during  driving. 

Qo)  The  specification  relating  to  the  penetration  of  a  pile  should  be  adapted  to  the  boH  which 
the  pile  is  to  penetrate. 

(31)  It  is  far  more  important  that  a  proper  length  of  pile  should  be  put  in  place  without 
injury  than  that  its  penetration  should  be  a  spedfied  distance  under  a  given  blow,  or  aeries  of 
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SPECIFICATIONS  FOR  TIMBER  PILES." 
Rail  KO AD  Heakt  Gkadb. 

1.  This  grade  includes  white,  burr,  and  poat  oak,  longleaf  pioe,  Douglas  fir,  tamarack.  Eastern 
white  and  red  ctsdar,  chestnut,  Western  cedar,  redwood  and  cypress. 

2.  Piles  shall  be  cut  from  sound  trees;  shall  be  close  grained  and  solid,  free  from  defects,  such 
as  injurious  rin^  shakes,  large  and  unsound  or  loose  knots,  decay  or  other  defects,  which  may 
materially  impair  their  strenTth  or  durability.  In  Eastern  red  or  white  cedar  a  small  amount  Ot 
heart  rot  at  the  butt,  which  does  not  materially  injure  the  strength  of  the  pile,  will  be  allowed. 

3. 'Piles  must  be  butt  cut  above  the  ground  swell  and  have  a  uniform  taper  from  butt  to  tip. 
Short  bends  will  not  be  allowed.  A  line  drawn  from  the  center  of  the  butt  to  the  center  of  the 
tip  shall  lie  within  the  body  of  the  pile. 

4.  Unless  otherwise  allowed,  piles  must  be  cut  when  sap  b  down.  Piles  must  be  peeled  aoan 
after  cutting.     All  knots  shall  be  trimmed  close  to  the  body  of  the  pile. 

5.  For  round  piles  the  minimum  diameter  at  the  tip  shall  be  nine  (g)  in.  for  lengths  not 
exceeding  thirty  (jo)  ft.;  eight  (8)  in,  for  lengths  over  thirty^  (30)  ft.  but  not  exceeding  fifty  (50) 
ft.,  and  seven  (7)  m.  for  lengths  over  fifty  (50)  ft.  The  minimum  diameter  at  one-quarter  of  the 
length  from  the  butt  shall  be  twelve  (13)  m.  and  the  maximum  diameter  at  the  butt  twenty  (20}  in. 

6.  For  square  piles  the  minimum  width  of  any  side  of  the  tip  shall  be  nine  (9)  in.  for  lengths 
not  exceeding  thirty  (30)  ft.;  eight  (8)  in.  for  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty 
(50)  ft.,  and  seven  (7)  in.  for  lengths  over  fifty  (50)  ft.  The  minimum  width  of  any  side  at  one- 
quarter  of  the  length  from  the  butt  shall  be  twelve  (la)  in. 

7.  Square  piles  shall  show  at  least  eighty  (80)  per  cent  heart  on  each  side  at  any  cross-section 
of  the  stick,  and  all  round  piles  shall  show  at  least  ten  and  one-half  (loj)  in.  diameter  of  heart 
at  the  butt. 

Railroad  Falsework  Grade. 
6.  This  grade  includes  red  and  all  other  oaks  not  included  in  R.  R.  Heart  grade,  sycamore, 
sweet,  black  and  tupelo  gum,  maple,  elm,  hickory,  Norway  pine,  or  any  sound  timber  that  will 
stand  driving. 

9.  The  requirements  for  uze  of  tip  and  butt,  taper  and  lateral  curvature  are  the  same  as  for 
R.  R.  Heart  grade. 

10.  Unless  otherwise  specified  piles  need  not  be  peeled. 

11.  No  limits  are  specified  as  to  the  diameter  or  proportion  ot  heart. 

13.  Piles  which  meet  the  requirements  of  R.  R.  Heart  grade  except  the  proportion  of  heart 
specified  will  be  classed  as  R.  R.  Falsework  grade. 

OUARD  RAILS  AND  GUARD  TIMBERS.— In  191a  the  American  Railway  Engineering 
Association  made  an  investigation  ot  the  use  of  guard  rails  and  guard  timbers  for  timber  trestles 
and  bridges  and  adopted  the  following  report  based  on  replies  from  61  railroads. 

I.  It  is  recommended  as  good  practice  to  use  guard  timbers  on  all  open-floor  bridges,  and 
same  shall  be  so  constructed  as  to  properly  space  the  ties  and  hold  them  securely  in  their  places. 

3.  It  is  recommended  as  good  practice  to  use  ^uard  rails  to  extend  beyond  the  end  of  the 
bridges  for  such  a  distance  as  required  by  local  conditions,  but  that  this  length  in  any  case  be  not 
less  than  fifty  feet;  that  guard  rails  be  fully  spiked  toevery  tie  and  spliced  at  every  joint,  the  guard 
rail  to  be  some  form  of  metal  guard  rail. 

3.  It  is  recommended  that  the  guard  timber  and  guard  rail  be  so  spaced  in  reference  to  the 
track  rail  that  a  derailed  truck  will  strike  the  guard  rail  without  striking  the  guard  timber. 

4.  The  height  of  the  guard  rail  to  be  not  over  one  inch  less  in  height  than  the  running  (track) 

TIMBER  TRESTLES.—The  details  of  the  design  of  timber  trestles  depends  upon  the  loading, 
the  details  of  the  floor  system,  the  available  timber  and  upon  the  designer.  The  lei^h  of  panels 
varies  from  12  ft.  to  16  ft.,  with  14  ft.  as  a  fair  average  panel  length. 

Pile  TtesdeB.— The  details  of  the  standard  pile  trestle  with  open  floor  ot  the  N.  Y.,  N.  H.  & 
H.  R.  R.  are  given  in  Fig.  i.  The  number  and  arrangement  of  the  piles  in  the  bents  are  shown. 
The  bents  are  12  ft.  center  to  center.  The  stringers  are  34  ft.  long  and  are  placed  to  span  two 
panels  and  to  break  Joints.  The  tops  of  the  caps  are  covered  with  No.  20  Rat  galvanized  iron  to 
protect  the  trestle  from  fire.    The  details  of  washers,  packing  blocks,  drift  bolts,  etc..  are  shown 

*  Adopted.  Am.  Ry.  Eng.  Assoc.,  Vol.  10,  1909. 
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Fnme  TreBdM.^The  detaile  of  the  standard  Trarae  trestle  with  open  Boor  of  the  N.  Y. 
N.  H.  a  H.  R.  R.  are  given  in  Fig.  a.     The  bents  are  spaced  la  ft.  center  to  center.     The  floor 
system  is  the  same  as  for  pile  trestles.     The  frame  trestle  tnay  be  supported  on  a  pile  foundation, 
upon  timber  aub-aills   (mudsills)   or  on  concrete  pedestals.     Timber  sub-sills  soon  decay  i 
should  be  used  only  for  temporary  trestles.     Other  data  and  details  are  shown  on  the  plans. 

The  plans  of  a  standard  frame  trestle  designed  and  built  by  the  Illinois  Central  Railroad 
given  in  Fig.  3.  The  bents  are  spaced  14  ft.  centers,  while  the  stringers  are  28  ft,  long  and  cover  1 
two  panels.  The  details  of  the  track  and  the  guard  rails  are  not  shown.  A  complete  bill  d 
timber  and  iron  for  one  bent  and  one  panel  of  the  floor  are  given  in  Fig.  3.  The  standard  traiw 
trestle  may  be  carried  on  mudsills  (sub-sills)  as  shown  in  Fig.  3,  or  on  piles  or  concrete  pedesuli 
as  shown  in  Fig.  2. 

Detail  plans  of  a  pile  trestle  with  ballasted  deck  are  given  in  Fig.  4. 

TIMBER  HOWE  TRUSSES.— Plans  of  a  standard  150  ft.  span  Howe  truss  designed  and 
erected  by  the  C.  M.  &  P.  S.  Ry.  are  shown  in  Fig.  5,  Fig.  6,  and  Fig.  7.  This  bridge  was  designed 
far  Cooper's  E  55  L.oading,  with  the  allowable  unit  stresses  as  given  in  the  American  Railway 
Engineering  Association  Specifications  for  Timber  Bridges  and  Trestles.  The  bill  of  lumber  is 
given  in  Table  1;  the  bill  of  castings  and  bolts  is  given  in  Table  II;  the  bill  of  upaet  vertical  rods 
is  given  in  Table  til,  and  the  bill  of  lateral  rods  is  given  in  Table  IV.  The  followii^  additiomi 
specifications  were  given  on  the  plans. 

TABLE  I. 
Bill  op  Tihbbk  for  Onb  150  ft.  Howe  Truss  Span. 
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TABLE  II. 
Bill  of  Castings,  Bch.ts,  btc.  for  One  150  ft.  Howe  Truss  Span. 


"^ 


Ai^  Blocki 

L«tenl  Angle  BlocJu. . 
Clamp  Blocki 


Wiihen  for  Lateral  Rodi. . . 


O.  G.  Waahen  for  1   in.  Bolts 


Slot  Wa«hen  for  I  in.  Bolu. 

6in.X4>n.X*ln.  X  38  ft!- 
$\  in.  Guard  Anglei 

6  in.  X4in.  Xjin.  X 
39  ft-yi  in.  Guard  Angle* 

Packing  Waahen 


CamH 

Wedp. 

Beanng  Pittei. . . . 
Bearing  Channelt. . 


Angie  Blocki 

E>oweU  i  in.  X  o  ft.-i 
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B3189 
B3190 
B3191 
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"      i^m.Xita 
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Bolts  I  in.  X  ift.-iiliD. 
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Bolts  i  in.  X  3  ft--4  •»■ 
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Bolts  J  in.  X  I  ft.-9j  in. 
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Sq.H&N  2}  in.  tbd... 
Bolu  I  in.  X  3  ft--s!  >n- 
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Sq.H&N  iHii-tl>d-.. 
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"Outer  6  in.  X  8  in.  Guard  Rails  are  notched  for  ties,  afnlced  to  each  tie  with  one  9  So.  X  |  iiL 
■pikes.  Each  tie  to  be  spiked  to  strinKers  with  )  in.  X  14  in.  spikes.  Stringers  dtift-btdted  u 
floorbeams  with  ]  in.  X  18  in.  drift  bolts.  All  1  in.,  }  in.  and  i  in.  bolts  to  be  provided  with  on 
O.  G.  and  one  slot  washer.  Alt  contacts  of  wood  and  wood  to  be  painted  with  white  lead.  Corbdl 
to  be  creoBoted.  All  holes  bored  in  chord  sticks  to  be  creoaoted.  Inner  4  in.  X  6  in.  Guard 
Rails  bolted  at  center  and  ends  of  each  piece,  apiked  to  each  tie  not  bolted,  with  one  8  in.  X  |  ii 
■pike  and  spliced.  The  6  in.  X  4  in.  X  )  in.  guaid  rail  is  bolted  at  ends  and  at  intervals  of  not 
over  3  ties  with  }  in.  special  bolts.     Leave  i  in.  opening  between  ends  of  Guard  Rail  an^es." 

Tbe  detail  plans  of  a  timber  Howe  truss  railway  bridge  with  an  80  ft.  span  axe  given  in  Fig.  6 
and  Fig.  9.    This  bridge  was  designed  for  Cooper's  £  55  loading  for  the  allowable  stresses  given  , 
in  the  specificariona  of  the  American  Railway  Eagineering  Association.    The  details  and  a  UD  I 
of  materials  are  given  on  the  plana.  I 


TABLE  III. 

Bill  of  Upset  Vbkticai.  Rods  for  Onb  150  pt. 

Howe  Truss  Spam. 

DUmncTof  Upscu. 

Rv.  EUc. 
&M7ot 

W,  In. 

JO-IOj 

JO-  8 
-9* 

Jo^ 

Diameter  of  Upset  "U"  based  on  number  of  threads  per 

□  accord  with  shop  stand- 


TABLE  IV. 

Bill  of  Lateral  Rods  for  One  150 

FT.  Howe  Truss  Spam. 


Leoscli. 


a3-4 
14-S 
14-4 
14-4 
*4-J 
*3-» 
IJ-I 


LeDsthdf 
ThRsd 
"T."  In. 


'  HIGHWAY  TIHBBR  TRESTLES  AKD  BRIDGES.~DetailB  of  a  highway  crossing  of 
the  Illincaa  Central  Railroad  are  given  in  Fig.  lo  and  Fig.  11, 

A  combination  timber  and  iron  bridge  is  shown  in  F^.  13;  while  a  short  span  timber  highway 
bridge  is  given  in  Fig.  13. 

For  additional  details  of  timber  highway  bridges,  aee  the  author's  "  Hie  Design  of  High- 
way Bridges," 

SPECIFICATIONS  FOR  WORKMANSHIP  FOR  PILE  AND  FRAME  TRESTLES  TO 
BE  BUILT  UNDER  CONTRACT.* 

t.  Site. — The  trestle  to  be  built  under  these  specifications  is  located  on  the  Hue  of 

Railroad  at   County  of  State  o( 

a.  Oeneral  Dsscriptlon. — The  work  to  be  done  under  these  ^lecificatioDS  covers  the  driving, 

framing  and  erection  ol  a track  wooden  trestle  about ft.  long  and 

an  average  of ft.  high. 

General  Clacsbs. 

3.  The  contractor  shall  furnish  all  necessary  labor,  tools,  machinery,  supplies,  temporary 
staging  and  outfit  required.  He  shall  build  the  complete  trestle  read^  for  the  track  rails,  in  a 
workmanlike  manner,  in  strict  accordance  with  the  plans  and  the  true  intent  of  these  specifica- 
tions, to  the  satisfaction  and  acceptance  of  the  engineer  of  the  railroad  company. 

4.  The  workmanship  shall  be  of  the  best  quality  in  each  class  of  work.  Details,  fastenings 
and  connections  shall  be  ol  the  best  method  of  construction  in  general  use  on  first  class  work. 

•  Adopted  by  American  Railway  Engineering  Association.  /  -  r  ^ 
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5.  Holes  Ehall  be  bored  for  all  bolts.     The  depth  of  the  hole  and  the  diameter  of  the  auger 
to  be  Bpedfied  by  the  engineer. 

6.  Framing  shall  be  accurately  fitted;  no  blocking  or  shimming  will  be  allowed  in  making 
joints.     Timbers  shall  be  cut  off  with  the  saw;  no  axe  to  be  used. 

7.  Joints  and  points  of  bearing,  for  which  no  fastening  is  shown  on  the  plans,  shall  be  fastened 
a«  sptxified  by  the  engineer. 


Bfr<ts3and4 


Fig.  10.    Highway  Crossing.    Illinois  Central  Railboad, 

8.  The  engineer  or  his  authorized  agents  shall  have  full  power  to  cause  any  inferior  work 
to  be  condemned,  and  taken  down  or  altered,  at  the  expense  of  the  contractor.  Any  material 
destroyed  by  the  contractor  on  account  of  inferior  workmanship  or  carelessness  of  his  men  is  to 
be  refJaced  by  the  contractor  at  his  own  expense.  ,  -.  , 
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9.  Figures  shown  on  the  plans  shall  eovern  in  preference  to  scale 
discrepancies  should  arise  or  irregularities  De  discovered  in  the  plans,  the 
on  the  engineer  for  instructions.  These  specificationa  and  the  plans  are  intended 
and  if  any  question  arises  as  to  the  proper  interpretation  of  the  plans  or  speciGcatii 
referred  to  the  ec^neer  for  a  ruling. 
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II.     Details  of  Highway  Crossing.     Illinois  Centrai.  Railroad. 


10.  The  contractor  shall,  when  required  by  the  engineer  furnish  a  satisfactoiy  watchman  to 
guard  the  work. 

11.  On  the  completion  of  the  work,  all  refuse  material  and  rubbish  that  may  have  accumu- 
lated on  top  or  under  and  near  the  trestle,  by  reason  of  its  construction,  shall  be  removed  by  the 
contractor. 


DigilizeoDV  Google 


COMBINATION   HIGHWAY   BRIDGE. 


D,g,l,zeoDyCot)glc 


TIMBER  BRIDGES  AND  TRESTLES. 


WY"- 


^t^^A^-ff-^. 


krt'+?»sp«iWh«  * 


Details  of  a  Tiuber  Highway  Bkidge. 
Detail  Specifications. 

13.  Pil«g, — Piles  shall  be  carefully  selected  to  suit  the  place  and  ground  where  they  are  to 
be  driven.  When  required  by  the  engineer,  pile  butts  shall  be  banded  with  iron  or  steel  for 
driving,  and  the  tips  with  suitable  iron  or  steel  shoes;  such  shoes  will  be  furnished  by  the  railroad 
company. 

13. — Piles  shall  be  driven  to  a  lirm  bearing,  satisfactory  to  the  engineer,  or  until  five  blows 
of  a  hammer  weighing  3, 000  lb.,  falling  15  feet  (or  a  hammer  and  fall  producing  the  same  mechan- 
ical effect),  are  required  to  cause  an  average  penetration  of  one-half  (J)  in.  per  blow,  except  in 
soft  bottom,  where  special  instructions  will  be  given. 

i^. — Batter  piles  shall  be  driven  Co  the  inclination  shown  by  the  plana,  and  shall  require  but 
slight  bending  before  framing. 

15. — Butts  of  all  piles  in  a  bent  shall  be  sawed  off  to  one  plane  and  trimmed  so  as  not  to 
leave  any  horizontal  projection  outside  of  the  cap. 

16. — Piles  injured  in  driving,  or  driven  out  of  place,  shall  either  be  pulled  out  or  cut  off, 
and  replaced  by  new  piles. 

17.  Caps.— Caps  shall  be  sized  over  the  piles  or  posts  to  a  uniform  thickness  and  even  bearing 
on  piles  or  posts.     The  side  with  most  sap  shall  be  placed  downward. 

18.  Posts. — -Posts  shall  be  sawed  to  proper  length  for  their  position  (vertical  or  batter),  and 
to  an  even  bearing  on  cap  and  sill. 

19.  SUls.^Sills  shall  be  sized  at  the  bearing  of  posts  to  one  plane. 

20.  Sway  Bracea. — Sway  bracing  shall  be  properly  framed  and  securely  fastened  to  piles  or 
posts.  When  necessary  for  pile  bents,  filling  pieces  shall  be  used  between  the  braces  and  the 
piles  on  account  of  the  variation  in  size  of  piles,  and  securely  fastened  and  faced  to  obtain  a 
bearing  against  all  piles. 

31.  Longinidiiial  Brac«t. — Longitudinal  X-braces  shall  be  properly  framed  and  securely 
fastened  to  piles  or  posts.  ,  -~  i 
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33.  Giita. — Girts  shall  be  properly  framed  and  securely  fastened  to  caps,  sub-sills,  poats  or 
pSes,  as  the  plans  may  require. 

23.  Sbiogers. — StrioEers  shall  be  dzed  to  a  uoiform  height  at  supports.  The  edges  with 
most  sap  shall  be  placed  downward. 

34.  Jack  Striogeis.^ack  stringers,  if  required  on  the  plans,  sliall  be  neatly  framed  on 
caps,  and  their  tops  shall  be  in  the  same  plane  as  the  track  scnngers. 

35.  Tiea. — Ties  shall  be  framed  to  a  uniform  thickness  over  bearings,  and  shall  be  placed 
with  the  rough  side  upward.  They  shall  be  spaced  regularly,  cut  to  even  length  and  line,  as 
called  for  on  the  plans. 

36.  Guard  HJiila. — Timt>er  guard  rails  shall  be  framed  as  called  for  on  the  plans,  laid  to  line 
and  to  a  uniform  top  surface.     They  shall  be  firmly  fastened  to  the  ties  as  required. 

37.  Bnlkheada. — Bulkh^Mls  shall  be  of  sufficient  dimensions  to  keep  the  embankment  clear 
of  the  caps,  stringers  and  ties,  at  the  end  bents  of  the  trestle.  There  shall  be  a  space  not  less 
than  two  (3}  in.  between  the  back  of  end  bent  and  the  face  of  the  bulkhead.  The  projecting 
ends  of  the  bulkhead  shall  be  sawed  off  to  conform  to  the  slope  of  the  embankment,  unless  other- 

38.  Tim«  erf  CoiII]rietloiL — The  work  shall  be  completed  in  all  its  parts  on  or  i>efore 

A.  D.  19 

29.  FaymentB. — Payments  will  be  made  under  the  usual  regulations  of  the  railroad  company. 

Specifications  roR  Mbtal  Details  Used  in  Wooden  Bridges  and  Trestles. 

30.  Wrooght-lron. — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
character.  It  shall  be  thoroughly  welded  in  rolling  and  be  free  from  surface  defects.  When 
tested  in  spedmens  of  standard  form  shall  give  an  ultimate  strength  of  at  least  50,000  lb.  per  sq, 
in.,  an  elongation  of  18  per  cent  in  8  in.,  with  fracture  wholly  fibrous.  Specimens  shall  bend  cold, 
with  the  fiber,  through  135  d^rees,  without  sign  of  fracture,  around  a  pin  the  diameter  of  which 
is  not  over  twice  the  thickness  of  the  piece  tested.  When  nicked  and  bent,  the  fracture  shall  show 
at  least  90  per  cent  fibrous. 

31.  Steel.^Steel  shall  be  made  by  the  open-hearth  process  and  shall  be  of  uniform  quality. 
It  shall  contain  not  more  than  0.05  per  cent  sulphur;  if  made  by  the  acid  process  it  shall  contam 
not  more  than  0.06  per  cent  phosphorus,  and  if  made  by  the  basic  process  not  more  than  O.04 
per  cent  phosphorus.  When  tested  in  specimens  of  standard  form,  or  full  sized  pieces  of  the 
same  length,  it  shall  have  a  desired  ultimate  tensile  strength  of  60,000  lb.  per  sq.  in.  If  the 
ultimate  strength  varies  more  than  4,000  lb.  from  that  desired,  a  retest  shall  be  made  on  the 
sanie  gage,  which  to  be  acceptable,  shall  be  within  5,000  lb-  of  the  desired  ultimate.     It  shall 

have  a  minimum  percentage  of  elongation  in  8  in.  of  —. '^—^ — r  and  shaD  bend  cold  wth- 

*^  "  ^  ult.  tens,  strength 

out  fracture  iSo  degrees  flat.     The  fracture  for  tensile  tests  shall  be  silky. 

32.  Castings. — Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 
iran,  with  sulphur  not  over  o.io  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free 
from  flaws  and  excessive  shrinkage.  If  tests  are  demanded,  they  shall  be  made  on  the  "Arbi- 
tration Bar"  of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar  1}  in.  in  diameter 
and  15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  length  of  I3  in.,  with  load  at 
middle.  The  minimum  breaking  load  so  applied  shall  be  3,900  lb.,  with  a  deflection  of  at  least 
iV  in.  before  rupture. 

33.  Bcdts. — Bolts  shall  be  of  wrought-iron  or  steel,  made  with  square  heads,  standard  sixe,  the 
lei^h  of  thread  to  be  si  times  the  diameter  of  bolt.  The  nuts  shall  be  made  square,  standard  size, 
with  thread  fitting  closely  the  thread  of  bolt.     Threads  shall  be  cut  accordii^  to  U.  S.  standards. 

34.  Drift  Bolts.^Drift  bolts  shall  be  of  wrought-iron  or  steel,  with  or  without  square  head, 
pointed  or  without  point,  as  may  be  called  for  on  the  plans. 

35.  ^likea. — Spkes  shall  be  of  wrought-iron  or  steel,  square  or  round,  as  called  for  on  the 
plans;  steel  wire  spikes,  when  used  for  spiking  planking,  shall  not  be  used  in  lengths  more  than 
6  in.;  if  CTcater  lengths  are  required,  wrought  or  steel  spikes  shall  be  used. 

36.  Paddng  Spools  or  Separaton.^Packing  spools  or  separators  shall  be  of  cast-iron,  made 
to  axe  and  shape  called  for  on  plans;  the  diameter  of  the  hole  shall  be  i  in.  larger  than  diameter 
of  packing  bolts. 

37.  Cast  Washers. — Cast  washers  shall  be  of  cast-iron.  The  diameter  shall  be  not  less  than 
3)  timea  the  diameter  of  bolt  for  which  it  is  used,  and  its  thickness  equal  to  the  diameter  of  bolt; 
the  diameter  of  hole  shall  be  i  in.  larger  than  the  diameter  of  the  bolt. 

38.  Wrou^t  Washers. — Wrought  washers  shall  be  of  wrought-iron  or  steel,  the  diameter 
shall  be  not  less  than  3)  times  the  diameter  of  bolt  for  which  it  is  used,  and  not  less  than  \  in. 
thick.     The  hole  shall  be  J  in.  larger  than  the  diameter  of  the  bolt. 

39.  Sped«I  CaMiii^. — Special  castings  shall  be  made  true  to  pattern,  without  wind,  free  from 
flaws  and  excesnve  shrinkage,  size  and  shape  to  be  as  called  for  by  the  plans.  . 
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NoU. — The  working;  unit-stresses  given  in  Table  V  are  intended  for  railroad  bridges  and 
trestles.  For  highway  bridges  and  trestles  the  unit-stresses  may  be  increased  twenty-five  (25) 
per  cent.  For  buildings  and  similar  structures,  in  which  the  timber  is  protected  from  the  weathef 
and  practically  free  from  impact,  the  unit  stresses  may  be  increased  fifty  (50)  per  cent.  To 
compute  the  deBection  of  a  beam  under  long-continued  loadiog  instead  of  that  when  the  load  U 
firtt  applied,  only  fifty  per  cent  of  the  corresponding  modulus  of  elasticity  given  in  the  table  is 
to  be  employed. 

TABLE  V. 

Unit  Stresses  foe  Structural  Timber  Expressed  in  Pounds  per  Square  Inch. 

American  Railway  Engineering  Association.  I 
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REFERSRCBS. — For  additional  details  and  information  the  folknving  references  may  be 


Foster's  "  A  Treatise  on  Wooden  Trestle  Bridges,"  John  Wiley  &  Sons,  gives  data  and 
details  of  the  design  of  timber  trestles. 

Jaeoby's  "  Structural  Details  ;  Design  of  Heavy  Framing,"  John  Wiley  &  Sons,  gives  data 
and  details  of  the  design  of  timber  trestles  and  timber  structures,  and  is  the  best  book  on  tim- 
ber construction.  Every  engineer  interested  in  the  design  of  timber  atructures  should  have  a 
copy  of  Jaeoby's  "  Structural  Details." 


d  =  least  side  in  Inches. 
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CHAPTER  VIII. 

Steel  Bins. 

StrcSMS  In  Bin  Walls. — The  prablem  of  the  calculation  of  presBureH  on  bin  walla  is  Bimilar 
to  the  problem  of  the  calculation  (rf  presaurea  on  retaining  walls;  but  in  the  case  of  bin  walls  the 
material  ia  limited  in  extent  and  the  condition  of  static  equilibrium  is  disturbed  by  drawing  the 
material  from  the  bottom  of  the  bin.  For  plane  bin  walls  where  the  plane  of  rupture  cuts  the 
free  surface  of  the  material  (shallow  bins),  the  formulas  develc^^ed  for  retaining  walla  are  directly 
applicable  if  friction  on  the  wall  is  considered.  The  graphic  solution  will  be  found  the  umplest 
and  most  direct  for  any  particular  case.  The  following  analyses  of  the  calculations  of  stresses  in 
bins  have  been  abstracted  from  the  author's  "The  Dedgn  of  Walls,  Bins  and  Grain  Elevators," 
second  edition. 

STRESSES  in  SHALLOW  BIIfS.—The  problem  of  the  calculation  of  the  pressures  on 
bin  walls  is  the  same  as  the  problem  of  tbe  calculation  of  pressures  on  retaining  walls.  The  forces 
acting  on  bin  walls  depend  upon  the  weight,  angle  of  repose,  moisture,  etc.,  of  tbe  material,  which 
are  variable  factors,  but  are  less  variable  than  for  the  filling  al  retaining  walla. 

Algebraic  Stdntion. — The  same  nomenclature  wil!  be  used  as  in  retaining  walla  except  that  P' 
will  be  used  to  indicate  the  pressure  obtained  by  means  of  Cain's  formulas  when  i  •-  4^',  tf  will^ 
indicate  the  normal  component  of  P",  and  N  will  indicate  tbe  normal  pressure  on  the  wall  whe;) 
^'  —  O.     This  analysis  applies  to  shallow  bins,  only.* 

Com  I.     Vertkai  Wall,  Surfaet  Leva.    Angle  t  -  «'.    Fig.  i. 

P'-VwV ^—  (!) 

JV-P'.cos#'  (a) 

If  ♦'  -  * 

JV-i^-cos*  (4) 


B 

»   f 

-itrJ 

L>l-L 

Fie.  I. 
o,  which  corresponds  to  a  smooth  wall, 

N  -  Jw-V-tan'  (45"  -  *l2) 
Jiow  bin  is  one  where  tbe  plane  of  rupture  cuts  the  free  surface  of  the  filling. 
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TABLE  L 
Constants  fox  Stkbl  PlIts 
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Com  3.     Vtrtieal  Wail,  Surface  Surcharecd  at  AnsU  S.    Angle  ; 
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TABLE  IL 
Constants  for  Steel  Plats  Bins,  Case  a. 
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Case  3.     VertiaU  Wail,  Surcharge  Negative  =  J.    Angle  i 
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IN   SHALLOW  BINS. 


P  A 

Fig.  3. 

TABLE  III. 

COKSTANTS  FOK  StBEL  E^ATE  BiNS,  CaSB  3.     J  '  - 
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Ciue  4.     WoU  ShpiHt  OtOward.    9  <  go'  +  «'.    Surface  Level.    Fig.  4. 
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Fig.  4. 
CiM«5.     Was  Sloping  Oulmtrd.    f  <  90' +  «'.    Surface  SuKharged.    Fig.  5. 
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Oue  6.     WaU  Sloping  Outward,    tf  >  90°  +  *'.    SurfoM 
P  -  Iwi'-tao'  (45°  -  Wa) 
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^ 

Fig.  6. 

For  a  wall  sloping  outwards,  and  sloping  surface  the  use  of  foi^ulas  is  cumbersome  and  the 
calculations  can  be  more  easily  made  by  graphic  methods  as  explained  on  succeeding  pages. 

Tables  of  Pressure  on  Vertical  Bin  Walla.— The  normal  pressuti:  on  vertical  bin  walls  a; 
calculated  by  the  preceding  formulas  for  bituminous  coal,  anthracite  coal,  sand,  and  ashes  are 
given  in  Table  IV,  Table  V,  Table  VI,  and  Table  VII,  respectively.  In  the  tables  column  i  givw 
the  normal  pressure  for  a  smooth  vertical  wall  and  horizontal  surcharge,  while  column  4  gii-cs 
the  normal  pressure  on  a  rough  wall  with  an  angle  of  friction  —  ifr'.  Column  2  gives  the  normal 
pressure  for  a  smooth  vertical  wall  and  a  surcharge  =  ^.  while  column  5  gives  the  normal  pressure 
on  a  rough  wall  with  an  angle  of  friction  —  #_'.  Column  3  gives  the  normal  pressure  f<w  a  sipooth 
vertical  wall  and  a  negative  surcharge  —  —  ♦,  while  column  6  gives  the  normal  pressure  on  a 
rough  wall  with  an  angle  of  friction'=  *'.  ft  will  be  seen  that  the  pressures  in  columns  a  and  5 
are  identical.  For  a  vertical  wall  with  J  =  *,  the  normal  pressures  as  given  by  Ranldne's  and 
Cain's  formulas  are  identical. 

These  tables  have  been  taken'from  the  author's  "The  De^gn  of  Walls,  Bins  and  Grain 
Elevators."  The  tables  of  pressures  and  the  formulas  were  first  published  in  a  modified  form 
by  Mr.  R.  W.  Dull,  in  Engineering  News. 
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Tbe  total  pressureg  are  given  for  a  wall  one  foot  long  in  all  cases. 

Hot*. — These  tables  apply  to  Bhallow  bins  only  (bins  where  the  plane  of  rupture  cuts  the 
free  surface  of  the  filling).  For  the  calculation  of  the  Btresaes  in  deep  bins  (bins  where  the  plane 
at  rupture  cuts  the  side  of  the  bin)  see  Chapter  IX^  Steel  Grain  Elevators. 


Total  Pkkssuke  m  Pounds  fok  Depth  "h"  rt 
Wall  One  Foot  Long. 
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*t 

4.913 

12.211 

3,740 

4,»50 

11,111 

3.113 

28 

s,m 

13,141 

4,<»» 

4,570 

I3,I4» 

3,348 

29    - 

S.677      ' 

I4/J87 

4.314      -  - 

4,9^^3 

14.087 

3.591 

30 

6,o7S 
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4.617 

5,147 

1S.075 

3,843 
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TABLE  V. 

IN  Pounds  for  Depth  "h"  fok  Ahthsaotb  Coal. 
Wall  Okb  Foot  Long, 

w  -  5a  lb.,  t  -  27". 

■;».'• 

Smooth  W^^'-o. 

RoaghWmU.AiigleofMcOai-^'-KS*.     | 

I 

. 

3 

* 

J 

6 

h 

h     ^ 

TT5J 

h 

jtJ: 

3 

4 

5 
6 

I 

9 

II 

13 
H 
»S 

I6 

:5 

19 

20 

21 

2J 
24 

H 

26 

27 
28 
29 

30 

i'-o 
9-7S 

r 

IS6 
244 

35' 

f4 

790 
975 
1,180 

i:Si 

1,910 
a.193 

;:IS 

3,160 
3.SII 
3.9M 

"1 

S,"S6 

6,600 

7,112 

7.638 

8,201 

8,775 

»-♦ 
ao.s 

82.0 

S13 

738 
1.00S 

\%'. 

2,050 
2,481 

»-9S* 
3.46s 
4,018 
4,6"  3 

5.248 

IS 

9,041 
9,912 

;?:ls 

ia,8ij 
■J,»S« 

17,241 

"8,4SO 

.!■! 

191' 
267 

s 

92s 

IjIOO 

1,290 

1.497 

1,730 

1.953 

3.207 
2,471 
2,758 
3.053 

3.37» 
3,701 
4.040 
4t398 

4.770 

S.160 
5.560 

IS? 

6,880 

♦'  - 16" 
8.39 

33-5 
7S-S 

134.2 

210 

301 

♦'! 

Ill 
S39 
1,014 

X 

1,887 

2,145 
2,421 
2,718 
3,030 
3.3SO 

3,700 
4,061 

4,833 
5.M4 

S.673 
6,116 
6,S78 
7.056 
7.SS1 

a-* 
82.0 

lit' 

513 

738 
1.00S 

2,050 
2,481 

4,018 

4,613 
S,»(! 

9,041 

!?S 

12,813 
13.858 

:e 

isUso 

57.S 
>59-5 
230 
313 

B 

773 
910 

1,080 
1.250 

1.636 

iX     1 

2,310 
2,554 

',-X 

3,985 

4,650 
5,000 
5.370 
5,74» 
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Total  PHBsamB  i 


DepOi-h, 

Smooth  Wan.  #'- 

.. 

Ron^  Wan.  Aule  of  FiictioD 

-  ♦»  -  a: 

, 

, 

, 

4 

s 

6 

T-t^- 

r-r^*- 

In  Feet. 

'"TSS 

VT™" 

TT^i 

*>      ^ 

h         <- 

h  /l* 

h 

b      ^ 

h    J^ 

±JL 

JlJT 

i.X" 

i.X" 

i.JT 

JlX 

♦'-0 

(-♦ 

1-  -* 

♦'-i8- 

!-♦ 

a-  -* 

ia.73 

!■«■ 

10.93 

30.9 

8 

3 

S0.8 

.If 

43-7 

113.6 

33 

3 

114.S 

98.S 

178 

^ 

4 

m-7 

49+ 

I7S 

494 

118 

5 

318 

771 

140 

373 

773 

300 

« 

s! 

1,113 

3<« 

394 

•,"3 

388 

7 

1.SIS 

^ 

S3S 

I.SIS 

391 

8 

815 

1,980 

^ 

1,980 

!•; 

9 

I,OJO 

3,500 

778 

88s 

1,500 

648 

lO 

M7a 

3,090 

96. 

'.093 

3,090 

800 

ti 

i,S40 

3,740 

i.ifii 

>.34S 

3,740 

968 

1,833 

4,4SO 

1:S 

1,880 

B 

4,450 

I.I53 

14 

3.495 

k^ 

IX 

■ii 

'S 

im 

6.960 

1,160 

1,460 

6,960 

1$ 

3.2S6 

7,910 

1,460 

1,798 

7,910 

3.048 

17 

3.676 

8,930 

3,777 

3,iS9 

8,930 

3.313 

I8 

4,111 

10,0 13 

3,"4 

3,54. 

.0,0.4 

».S93 

19 

30 

tsi 

:i;M 

l^ 

3,946 
4,371 

;::;m 

1,888 
3,100 

11 

i;?;s 

"3,637 

4,138 

4,81= 

13,637 

3,S38 

» 

;8:?J^ 

4.65' 
S.«4 

3,190 

14,956 

3,871 

a3 

6.719 

S,78l 

16,346 

4,333 

»4 

7.337 

17,798 

1:1^ 

6,196 

17.798 

4,608 

*S 

7.9SO 

19.313 

6,831 

>9>3"3 

5,000 

i6 

8.S99 

10,889 

6.496 

7.389 

30,880 

B 

a? 

9.373 

•«,S>6 

7,006 

7,968 

31,516 

>8 

9.971 

14,315 

7.534 

8,S&> 

14,125 

29 

10,698 

15,987 

8,081 

9,.9l 

35.987 

6,718 

30 

11.448 

17,8.0 

8,649 

9.837 

17,810 

7.100 
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Depth,  h. 

Smooth  W«U,  «'  -  0. 

RoutH  W.II,  Ansle  of  Fiicttoi 

-  ♦'  -  J'"- 

. 

i 

1 

4 

s 

rf- 

'if' 

lnF«t. 

h 

rjy 

h 

I'R 

J.  J: 

i-JT' 

i.. 

r 

.t_L 

jlJT 

J'.X" 

♦'-0 

S~* 

1-  -* 

*'-3i° 

a-« 

«-  -♦ 

4-JS 

11.73 

3-23 

ili 

1173 

a.45 

174 

47 

12.9 

47 

9.80 

3 

39-2 

ioS-7 

29.01 

J0.96 

105-7 

22.05 

4 

69.6 

18S 

31.7 

y-^ 

188 

39.20 

5 

108.7 

294 

80.8 

294 

61.2 

6 

156.4 

423 

116 

124 

423 

88.2 

7 

Jij 

S76 

158 

168 

I7S 

8 

178 

75 « 

107 

220 

751 

"57 

9 

3S* 

9S2 

261 

179 

952 

199 

lO 

43S 

t,i73 

323 

3U 

1.173 

245 

„ 

526 

1:S 

391 

4.6 

1.420 

296 

626 

46s 

495 
674 

1,690 

353 

>3 

735 

1,98s 

s 

1.98s 

414 

U 

852 

2,J00 

2.300 

480 

IS 

978 

2,640 

774 

2.640 

SSO 

i6 

i.iij 

J,oio 

828 

881 

3.010 

627 

17 

1.257 

3.400 

934 

99+ 

3.400 

708 

i8 

1.408 

3.80J 

l:?Ji 

I, MS 

3,803 

79* 

'9 

i,SZ7 

♦,240 

>,M* 

4,240 

884 

10 

1.740 

4i700 

1,290 

1,376 

4.700 

980 

21 

1,920 

S.lBl 

'.4*3 

I.SI7 

5.181 

1,080 

S.677 

.,i6i 

..S6s 

S.677 

riee 

23 

2!30O 

6,215 

1,706 

.,B20 

6.21s 

1.296 

24 

2,S06 

6,7S« 

t,S6o 

1.981 

6,7S6 

1,411 

»S 

2,720 

7,331 

2,017 

2,150 

7.331 

I.S31 

26 

2,940 

7.929 

2,i8o 

2,325 

7.929 

1.656 

27 

8,!S« 

2.3S» 

1    2,508 

8.SSI 

1,786 

38 

9.10 

2,530 

1    2,697 

9,196 

i,9i" 

29 

9.865 

2,718 

!  2,893 

9,86s 

2,060 

JO 

3.9"S 

10.SS7 

2,910 

'  3.090 

io,SS7 

2,205 
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STRESSES   IN   SHALLOW   BINS.  »37 

STRESSES  IH  SHALLOW  BINS,  Grmphic  Srfution.— The  graphic  solution  wiU  be  given 
or  two  case*  which  frequently  occur  in  practice. 

Gfttphic  Solution.  Hopper  Bin,  Level  Pull.*— The  calculation  of  stresses  in  bins  by  means 
if  graphics  will  be  illustrated  by  the  follow!:^  problem  taken  from  "The  I>e«gn  of  Walls,  Bins 
nd  Grain  Elevators."  A  crora-section  of  the  bin  shown  in  Fig.  7  is  filled  with  coal  weighing  58 
b.  per  cu.  ft.,  and  having  an  angle  of  repose  4  -  30*.    The  total  pressure  on  the  plane  A-H  is 

icting  horizontally  through  a  point  13  ft.  below  the  top  surface.     Now,  to  find  the  preaoure  Pi 
)n  the  plane  <r-^,  produce  Pi  until  it  intersects  the  line  C^  »  theweightcrf  triangle  ^/f (7  -10440 


[, 3S'-0"-  ■ 


Fig.  7. 

lb,  at  O,  and  by  constructing  O-i  =  Ft  =  10.860  lb.  Pi  is  parallel  to  E  in  Fig.  7.  The  normal 
pressure  on  A-g  is  9,900  lb.  Now  ^-I  =  9,900  lb.  acts  through  the  center  of  gravity  of  triangle 
AG^,  and  is  equal  to  the  area  a{  AC\X  vi.  The  normal  unit  pressure  at  A  is  733  lb.  per  sq.  ft., 
and  the  normal  unit  pressure  at  B  is  330  lb,  per  sq.  ft.  The  normal  pressure  on  .4  B  acts  through 
the  center  of  gravity  of  the  shaded  area,  and  is  W  -  7,850  lb.  Also  by  construction  E  -  8,600  lb. 
The  pressure  on  bottom  A-F  is  equal  to  18  X  58  —  1,044  lb.  per  sq.  ft.  The  pressure  on  the 
wall  C-B  is 

P,  -  i""*'  7-^-^-  6m  lb. 

CalcnUtion  of  Str««aM  in  PramewoA.— The  loads  on  the  bin  vails  are  carried  by  a  transverse 
framework  as  shown  in  Fig.  8,  spaced  17  ft.  o  in.  center  to  center.  The  loads  at  the  joints  act 
parallel  to  the  pressures  as  previously  calculated,  and  the  loads  can  be  calculated  In  the  same 
manner  as  for  a  rimple  beam  loaded  with  a  similar  loading.  The  stresses  are  calculated  by  graphic 
nsolution  and  by  algebraic  moments  as  shown  in  Pig.  8  and  Fig,  9. 

Hopper  Bin,  Top  Surface  Heaped. — The  bin  in  Fig.  10  is  heaped  at  the  angle  of  repose, 
t  =  30°.    To  calculate  the  pnasure  on  ude  A-B,  proceed  as  follows;  Locate  points  G  and  H, 

*  The  calculations  an;  made  for  a  section  of  the  bin  one  foot  long.  (    (Hiolr 
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STRESSES   IN   SUSPENSION    BUNKERS.  809 

nd  calculate  the  bomonCal  prcBsure  Pi  —  7,680  lb.,  acting  on  the  plane  H-K  at  ^HK  above  B. 
'rcsBure  Fi  was  calculated  by  the  (^phic  method.  Produce  Pi  until  it  intenecta  at  0  the  line 
4  actioD  of  the  we^ht  of  the  triangle  GHK  acting  through  the  center  of  gravity  of  the  triangle, 
"rom  O  lay  off  0~\  —  W  —  19,900  lb.,  actii^  downwards,  and  from  i  lay  off  1-2  =  Pi  —  7,680 
b.,  acting  to  the  left.    Then  0-2  —  P»  —  31,300  lb.     Now  F%  -  area  triangle  bGH-te,  and 


.-//'-O'—*^ — «^-- 


A-. 


Fig.  la 

E  =  area  8-B--4-7'io  ■■  11,3401b.  Force  Eacts  through  the  center  of  gravity  of  area  8- B-^-7. 
The  horizontal  pressure  on  plane  C-B  —  1,400  lb.  —  area  I'e'n'-w.  The  vertical  pressure  on 
the  left-hand  side  of  the  bottom  A-F  in  7,480  lb.,  acting  through  the  center  of  gravity  of  the 
pressure  polygon.     The  vertical  unit  pressure  at  A  is  1,412  lb.  per  sq.  ft. 

STRESSES  IN  STTSPENSION  BUNKERS.— The  suspension  bunker  shown  in  (a)  Fig.  11, 
carries  a  load  which  varies  from  zero  at  the  support  to  a  maximum  at  the  center.  If  the  bunker 
is  level  full  the  loading  from  the  supports  to  the  center  varies  nearly  as  the  ordinatcs  to  a  straight 
line,  while  if  the  bunker  is  surcharged  the  straight  line  assumption  for  loading  is  more  nearly 

We  will,  therefore,  assume  that  the  loading  of  the  bunker  in  (a)  is  represented  by  the  tri- 
angular loading  varying  from  p  =  xero  at  each  support  to  a  maximum  of  ^  —  P  at  the  center. 
Let  I  —  one-half  the  span  in  feet; 
S  -  the  sag  in  feet; 

H  —  the  horizontal  component  of  the  stress  in  the  plate  in  lb.  per  lineal  foot  of  bin; 
w  —  weight  of  ton  filling  in  lb.  per  cu.  ft.; 
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STEEL  BINS. 

T  —  maximum  tendon  in  plate  in  lb.  per  lineal  foot  of  bin; 
V  —  reaction  of  the  bunker  in  lb.  per  lineal  foot  of  bin; 
C  —  capacity  of  bunker  in  cu.  ft.  per  lineal  foot  of  bin; 
B  =  origin  of  coordinates. 


Now  if  the  r^ht-hand  half  of  the  bunker  be  cut  away  as  in  (b)  and  moments  be  taken  about 
A,  the  moment  will  be 

M  -  S-S  C2«) 

If  the  bunker  be  assumed  as  an  equilibrium  polygon  drawn  by  udng  a  force  polygon,  the  bending 
moment  at  the  center  is  equal  to  the  pole  distance  multiplied  by  the  intercept  5.  Therefore  H 
must  be  equal  to  the  pole  distance  of  the  force  polygon. 

The  following  equations  are  deduced  in  the  author's  "The  De«gn  of  Walls,  Bins  and  Grain 

Equation  of  the  curve  of  the  bunker 

Capacity  of  bunker  level  full 

C  =  |i-S  (Ml 

In  calculating  P  for  any  given  bunker,  since  P  is  the  maximum  pressure  for  a  triangular 
loading 

P-^  (.3) 

(>4) 
(»5) 


for  a  bunker  level  full 
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^  iS-lw,  for  a  bin  level  full 

The  length  of  the  curve  of  a  miapeiuioa  bunker  is  given  in  Table  VIII, 

TABLE  VI 11. 
Length  of  One-Half  Cubve,  L. 


(26) 


sx  nth.  -  sa. 

heaah.L. 

Swntio  'Sit. 

Unsth.L. 

I.0637W 

I.IJ686J 
1.11991/ 

1.18307/ 
1. 36651/ 

i!6ii3i/ 

IS 

The  curve  may  be  constructed  graphically  as  follows:  In  (c)  Fig.  11  it  is  required  to  pass 
the  curve  through  the  ptnnts  A  and  B.  The  loads  i,  2,  3.  4,  etc.,  are  laid  off  in  the  force  polygon 
(d),  and  a  pole  O  is  taken.  The  equilibrium  polygon  A-B'  is  then  constructed  in  (c).  Now  we 
know  from  graphic  statics  that  if  two  poles  be  taken  for  the  force  polygon  in  (d),  and  corresponding 
equilibrium  polygons  be  drawn  through  A ,  the  strings  meeting  on  the  same  load  will  intersect  on  a 
line  through  A  parallel  to  the  tine  O-C.  Now  D  is  determined  by  the  intersection  of  rays  D-B' 
and  D-B.     The  true  curve  is  then  easily  constructed  and  pole  C  ia  located. 

If  the  bunker  is  surcharged  by  vertical  walls  as  shown  in  (e)  the  curve  is  extended  until  it 
meets  the  slope  of  the  material,  and  the  span  and  sag  are  to  be  used  as  shown. 

Deep  Bins. — For  the  calculation  of  the  stresses  in  deep  bins,  see  the  calculation  of  the  stresses 
in  grain  bins,  Chapter  IX. 

For  methods  of  calculating  the  stresses  in  hopper  bins  with  the  top  surface  surcharged,  and 
the  calculation  of  the  stresses  in  bin  bottoms  and  circular  girders,  see  the  author's  "The  Design 
of  Walls,  Bins  and  Grain  Elevators." 

Angje  <4  Repose. — The  angle  of  repose  and  the  weights  <A  different  materials  are  given  in 
Table  IX. 

DATA. — For  angles  of  internal  friction,  see  Table  IX,  and  for  angles  of  friction  on  bin  walls, 
■ee  Table  X. 

TABLE  IX. 

Weight  and  Angle  of  Repose  of  Coal,  Coke,  Ashes  and  Ore. 


Wddhi  Lb. 
per  Cu.  Ft. 

•InDesma. 

50 

+'    , 

47  to  S6 

52. 1 

52^056 

S3 
ij  to  ja 

40 
40  to  4S 

3S 
U 

27 
27 
27 

ji. 

40 

Link  Belt  Machinery  Co. 
Link  Belt  Engineering  Co. 
Cambria  Steel 
Link  Belt  Machinery  Co. 
Link  Belt  Engineering  Co. 
K.  A.  Muellenhoff. 
Cambria  Steel. 
Wellmsn-Scavcr-Morgan  Co. 
Gilbert  and  Barth. 
Cambria  Steel. 
Link  Belt  Machinery  Co. 
Cambria  Steel. 
Wellman-Seaver-Morgan  Co. 

Anthracite  coal  fine 
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Chap.  VIII. 


Coal,  ore,  etc.,  will  give  an  angle  ol  ^  —  40°  if  the  material  it  dry,  but  if  the  material  is  wet 
the  angle  of  repose  may  be  increased  to  nearly  90*. 

An^e  of  Piictton  on  Bin  Walls.— The  values  in  Table  X  may  be  used  in  the  abeence  ot  more 
edata. 

TABLE  X. 
Ak(h.b  op  Friction  op  Dipfbbent  Materials  on  Bik  Walls. 


Material. 

StedPlaU. 

war; 

♦-Sf^S^ 

18 
16 

3S 
as 
40 
40 
30 

35 
»7 
40 
40 
30 

Fig. 


Coke  t 


3  Stone  Bins,  Lackawanna  Stbel  Co. 


Self-deaning  Hoppers. — In  order  to  have  hoppers  self-cleaning  when  the  material  is  moist 
it  is  necessary  to  have  the  hopper  bottoms  slope  at  an  angle  considerably  in  excess  of  the  angle  o( 
repose  ^  or  angle  of  friction  *'.  _, 
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DESIGN   OF   BINS.  318 

Ore  pockets  on  the  Great  Lakes  are  made  with  hopper  bottoms  at  an  angle  of  46°  40'  to 
50°  45',  but  the  majority  are  at  an  angle  of  49'  45'.  Bituaunoua  coal  will  elide  down  a  steel 
chute  at  an  angle  of  40°  and  a  wooden  chute  at  an  angle  of  45°.  Anthracite  coal  will  slide  down  a 
steel  chute  at  an  angle  of  30*  and  down  a  wooden  chute  at  an  angle  of  35°. 


1 


Fig.  13,    Elbvation  Circular  Steel  Ore  Bin  for  Old  Dominion  Copper  Mihimc  Co. 

DESIGN  OF  BINS. — Bins  are  usually  subjected  to  sudden  loads  and  vibrations  and  should 
be  deaigaed  for  two-thirds  the  allowable  unit  stresses  for  dead  loads  given  in  SS  33  to  41,  incluuve, 
in  "Specifications  for  Steel  Frame  Buildii^s,"  Chapter  I. 

Bina  are  made  of  timber,  of  stnicturat  steel,  or  □(  concrete,  or  the  different  materials  may 
be  used  in  combination. 

FLAT  PLATES.— The  analysis  of  the  stresses  in  flat  plates  supported  or  fixed  at  their  edges 
is  extremely  difficult.  The  following  formulas  by  Grashof  may  be  used:  The  coefficient  of  lateral 
contraction  is  taken  as  ].  For  a  full  discussion  of  these  formulas  baaed  on  Crashof's  "Theorie 
£>er  Elastidtat  und  Festigk^lt"  see  Lanza's  Applied  Mechanics. 

I.    Circular  plate  of  radius  r  and  ihickneis  I,  supported  around  its  perimeter  and  loaded  with  w 
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per  square  inch. — Let/  —  maximum  fiber  stress, 
elasticity, 

'       128    P 


■t- 

K 


Fig.  14.     Details  for  Circular  Bins  for  Old  Dominion  Copper  Mining  Co. 


a.   Circuiar  pkUe  buill  in  or  fixed  at  the  perimeter. 
/ 


45  !L-.^ 
64    (• 


45  vr* 
156  EC 


3.   Rectangular  plait  of  length  a    breadth  b,  and  thickness  t,  btiill  in  or  fixed  at  the  edges  < 
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carrying  a  uniform  load  w  per  square  inch. — Let  /a  be  the  unit  Btress  parallel  to  a,  ^  be  tbe  unit 
stress  pajallel  to  h,  and  a>  b. 

■'•  "   l(i^  A-  W\&  '  ■'*  '^  2fa'  -I-  »\»  «'' 


Few  a  square  pUte  a 


2(0*  +  6*)*"  '  ■"        3C< 


(33) 
/-^  (34) 

(35) 


■64E-C 


The  strength  of  plates  simply  supported  on  the  ed^B  is  about  1  the  strength  of  plates  fixed. 
Plates  riveted  or  bolted  around  the  edges  may  be  considered  as  fixed. 

For  a  diagram  giving  the  safe  loads  on  flat  plates,  see  the  author's  "  The  Design  of  Walls, 
Bins  a.Dd  Grain  Elevators,"  also  see  Part  IL 

Buckle  I^tes. — Buckle  plates  are  made  by  "dishii^"  flat  plates  as  in  Table  59,  Part  II. 
The  width  of  the  buckle  W,  or  length  L,  varies  from  3  ft.  6  in.  to  5  ft.  6  in.  The  buckles  ma^f  be 
turned  mth  the  greater  dimension  in  either  direction  of  the  plate.     Several  buckles  may  be  put 


Fie.  15,    Coal  Bunkers,  Rapid  Transit  Subway,  New  York,  N.  Y. 

in  one  plate,  all  of  which  must  be  the  same  size  and  symmetrically  placed.  Buckle  plates  are 
made  )  in.,  -fg  in.,  |  in.  and  A  in.  in  thickness.  Buckle  plates  should  be  firmly  bolted  or  riveted 
around  the  edges  with  a  maximum  spacing  of  6  in.,  and  should  be  supported  transversely  between 
the  buckles.  The  process  of  buckling  distorts  the  plate  and  an  extra  width  should  be  ordered  and 
the  plate  should  be  trimmed  after  the  process  is  complete.  Di-nz  ■  3  Cjt)t)Q[c 
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Slrenffk  of  Buckle  Plates. — ^The  safe  load  (or  a  buckle  plate  with  bucklei  placed  up,  Is  appnoi- 
matelx  given  by  the  formula 

W-4fR-l  (36) 

where  W  —  total  lafe  uniform  load  in  lb.  per  inch  of  width  of  plate; 
/  =  safe  unit  stress  in  lb.  per  sq.  in.; 
J?  -  depth  of  buckle  in  in.; 
t  —  thickness  of  plate  in  In. 
Where  buckle  plates  are  riveted  and  the  buckle  placed  down  the  aafe  load  is  from  3  to  4  tinKi 
that  given  above. 

TYPES  OF  BINS.— The  most  common  types  are  (i)  the  suspension  bunker,  (2)  the  hopper 
bin,  and  (3)  the  circular  bin. 

Snspeiulon  Bunkers. — Suspension  bunkers  are  made  by  suspending  a  steel  framework  (ram 
two  side  members,  the  weight  of  the  filling  causing  the  sides  to  assume  the  curve  of  an  equilibrium 
polygon.  The  stresses  in  the  plates  of  a  true  suspension  bunker  are  pure  tensile  stresses.  Steel 
suspension  bunkers  are  commonly  lined  with  a  concrete  lining  about  ij  to  3)  in.  thick,  reinforced 
with  wire  fabric,  to  protect  the  metal  of  the  bin. 
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tievcrtion 
Fig.  16.    Coal  Bunkbks,  Rapid  Transit  Subway,  New  York,  N.  Y. 

Hopper  Bins. — Hopper  bins  may  be  made  of  timber,  steel,  or  reinforced  concrete.  A  sted 
coke  and  stone  bin,  erected  by  the  Lackawanna  Steel  Company,  is  shown  in  Fig.  la.  These  bins 
were  divided  into  panels  13  ft.  6  in.  center  to  centi-r,  with  double  partitions  at  each  panel  point, 
leaving  a  clear  length  of  11  ft.  6  in.  The  bins  are  lined  throughout  with  |  in.  plates.  All  rivets 
in  the  floor  are  countersunk.    The  gates  at  the  bottom  of  the  bin  are  cylindrical  and  are  involved 
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by  a  syBtem  of  BbaMag  and  gears.  There  is  an  opeoing  ia  the  side  of  the  drum,  and  when  the 
drum  ia  icvolved  this  opening  comes  opposite  the  openii^  in  the  bottom  of  the  bin  and  the  drum 
is  filled.     The  drum  is  then  revolved  and  the  material  is  dumped  into  the  larries. 

Circnlar  Bins. — Circular  bins  are  made  of  both  steel  and  reinforced  concrete.  A  circular 
ore  bin  with  a  hemispherical  bottom  is  shown  in  Fig.  13  and  Pig.  14. 

EXAMPLES  OF  BINS.  Ste«l  Coal  Bin  for  Ba^d  Transit  Subway. — A  cross-aection  of  a 
1,000-ton  Buspenvon  bunker  built  by  the  Hapid  Transit  Subway,  New  York  City,  is  shown  in 
Fig.  15  and  Fig.  16.  The  bunlcer  is  supported  on  posts  and  is  covered  by  corrugated  steel.  The 
bin  is  lined  with  a  layer  of  concrete  3)  in.  thick,  reinforced  with  expanded  metal.  The  details  of 
construction  are  plainly  shown  in  the  cuts. 


Plan  ofHopptn  cn^ 

fi^ptr  Batfemi 


sif4U 


"    Actional EltittiKnet'AA' 
Fig.  17,    HopTBR  Bin  Cakanea  Consoudated  Copfek  Ca,  Cananea,  Mexico. 

DigilizeoDV  Google 


818 


STEEL   BINS. 


Chap.  VIII. 


On  Bins  for  Cuumea  CmuoUcUtftd  Copper  Conqutuy. — Detail  drawii^  ol  a  hopper  ore 
bin  built  by  the  Cananea  Consolidated  Copper  Company  are  shown  in  Fig.  17.  The  ore  is  coane 
and  heavy  and  is  dumped  from  cars  on  the  top  of  the  bins.  The  ore  is  drawn  off  through  gata 
on  the  bottom  and  is  curied  away  on  a  coaveyor.  The  ride  platea  are  ]  in.  thick  and  are  stiSened 
with  channels  spaced  about  4  ft.  apart.  The  hopper  plates  are  i  in.  thick  and  are  stiffened  with 
TO  in.  channels. 


fhlF       H^f 
£ndVieH  C/vss5teiiaa 


Lonqitudin^  Seciko 
^Center 


Fig.  18.    Steel  Coal  Bins  at  Coketon,  W.  Va. 

StMt  Co«l  Biiu  for  DstU  CmU  and  Coke  Co. — The  steel  coal  bin  shown  in  Fig.  18  w 
by  the  American  Bridge  Company  for  the  Davis  Coal  and  Coke  Co.  (or  the  coke  ovens  at  Coketon, 
W.  Va.  The  framework  is  made  of  structural  steel  and  is  covered  with  corrugated  steel.  The 
bin  is  lined  with  3  in.  oak  plank  spiked  to  timber  spiking  pieces  which  are  bolted  to  the  sted 
beams.  The  bin  is  carried  on  plate  girders  each  having  a  web  plate  96  in.  X  1  iD.,  and  top  and 
bottom  flanges  of  two  angles  6"  X  6"  X  A".  The  bin  is  filled  by  a  belt  conveyor  pasdng  over 
the  top  of  the  bin,  as  shown  in  Fig.  18.  The  coal  is  drawn  from  the  bins  through  gates  into  can 
and  is  hauled  to  the  coke  ovens.     The  capacity  of  the  bin  is  300  tons. 

Seforences. — For  the  design  of  reinforced  concrete  bins,  and  for  additional  data  and  examples, 
see  the  author's  "The  E)esign  of  Walls,  Bins  and  Grain  Elevators." 
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CHAPTER  IX. 
Steel  Grain  Elevators. 

btrodnctiail. — Grain  elevators,  or  "silos,"  as  they  are  called  in  Europe,  may  be  divided  into 
tu-o  classes  according  to  the  arrangement  o(  the  bins  and  elevating  machinery:  (a)  elevators 
which  are  self  contained,  with  all  the  storage  bins  in  the  main  elevator  or  working  houiie:  and 
lb)  elevators  having  a  working  house  containing  the  elevating  machinery,  while  the  storage  is  in 
bins  connected  with  the  working  house  by  conveyors.  The  working  house  is  usually  rectangular 
in  shape,  with  square  or  circular  bins;  while  the  independent  storage  bins  are  usually  circular. 

With  reference  to  the  materials  of  which  they  are  constructed,  elevators  may  be  divided 
into  (i)  timber;  (3)  steel;  (3)  concrete;  (4)  tile,  and  (5)  brick.  Steel  grain  elevators,  only,  will 
be  consideied  in  this  chapter.  For  a  comfdete  treatise  on  the  design  of  grain  elevators,  see  the 
author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 

SntZSSES  IN  GRAIN  BINS. — The  problem  o(  calculating  the  pressure  of  grain  on  bin 
iFolls  is  somewhat  similar  to  the  problem  of  the  retaining  wall,  but  is  not  so  simple.  The  theory 
of  Rankine  will  apply  in  the  case  of  shallow  bins  with  smooth  waits  where  the  plane  of  rupture 
cuts  the  grain  surface,  but  will  not  apply  to  deep  bins  or  bins  with  rough  walls.  (It  should  be 
remembered  that  Rankine  assumes  a  granular  mass  of  unlimited  extent.) 

Str«ssM  in  Deep  Bins. — Where  the  plane  of  rupture  cuts  the  sides  of  tbe  bin  the  solution  for 
shallow  bins  does  not  apply. 

Nomatdaturt. — The  following  nomenclature  will  be  used: 
#  ■■  angle  of  repose  of  the  filling; 

♦'  —  the  angle  of  friction  of  the  filling  on  the  bin  walls; 
fi  ~  tan  ^  =  coefficient  of  friction  of  Ulling  on  filling; 
li'  '  tan  ^'  ~  coefiicient  of  friction  of  filling  on  the  bin  walls; 
X  "  angle  of  rupture ; 
w  —  weight  of  filling  in  lb.  per  cu.  ft.; 
V  ~  vertical  pressure  of  the  Ailing  in  lb.  per  sq.  ft.; 
L  —  lateral  pressure  d  the  lilUng  in  lb.  per  sq.  ft.; 
A  =•  area  of  bin  in  sq.  ft.  1 
U  =  circumference  of  bin  in  ft. ; 
R  —  A/V  —  hydraulic  radius  of  bin. 
Juusan'a  Solvtion. — The  bin  in  (a)  Fig.  I,  has  a  uniform  area  A,  a  constant  circumference  U, 
and  is  filled  with  a  granular  material  webbing  id  per  unit  of  volume,  and  havii^  an  angle  of  repose 
♦.    Let   V  be  the  vertical  pressure,  and  L  be  the  lateral  pressure  at  any  point,  both  V  and  L 
being  assumed  as  constant  for  all  points  on  the  horizontal  plane.     (More  correctly  V  and  L  will 
be  constant  on  the  surface  of  a  dome  as  in  (6).) 

The  weight  of  the  granular  material  between  the  sections  of  y  and  y  +  dy  =•  A  -tti-dy;  the 
total  frictional  force  acting  upwards  at  the  circumference  will  be  —  Z.-  C-tan  ^'-dy;  the  total 
perpendicular  pressure  on  the  upper  surface  will  be  —  V-A ;  and  the  total  pressure  on  the  lower 
Hirface  will  be  =  lV  +  dV)A. 

Now  these  vertical  pressures  are  in  equilibrium,  and 

V-A  -(V  +  dV)A  +  A-wdy-  LVta-n^'dy  -  o 
and 

dK-(ii.-Ltan*'-|)<(y  (1) 

319  ■ 
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Now  in  a  granular  mam,  the  later&l   preaaure  at  any  point  is  equal  to  the  vertical  prcssun 
tlmee  k,  a  constant  far  the  particular  granular  material,  and 

L  -k-V 

Also  let  AiU  —  R  (the  hydraulic  radius),  and  tan  ^'  —  ji*. 
Substituting  the  above  in  (i)  we  have 

Now  let 


j 

Surface  of  *] 
Material^  • 

[ 
\ 

X- 

% 

) 

(b) 


L-U-dy  \  H    "^l     \L-U- dy. 

FpTT 


(o> 


Integrating  (3)  we  have 

Now  if  y  —  o,  then  V  =  o.  and  C  —  log  w,  and  {4)  reduce*  to' 

where  e  is  the  base  of  the  Naperian  system  of  logarithms.    Solvit^  for  V  we  have 


f-;(i 


.») 


Substituting  the  value  of  n  from  (a),  we  have 

Now  if  ft  be  taken  as  the  depth  of  the  granular  material  at  any  point  we  will  have 


Alsounce 
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Now  if  w  is  taken  in  lb.  per  cu.  ft.,  and  R  in  ft.,  the  pressure  will  be  given  in  lb.  per  sq.  ft. 
For  deep  bins  with  a  depth  of  more  than  two  and  one-half  diameters  the  last  term  of  the 
ight  hand  member  of  (S)  may  be  omitted,  and 


-  (approx.) 


(9) 


Now  both  f>'  and  k  can  only  be  determined  by  experiment  on  the  particular  grain  and  kind  <rf 
(in.     For  wheat  and  a  wooden  bin,  Janssen  found  n'  —  0.3  and  k  -  0.67,  making  k-it'  -  o.3<^ 

Jamieson  found  by  experiment  that  for  wheat  k  =  0.6,  and  he  found  values  in  Table  I  for  n' 
vith  wheat  weighing  50  lb.  per  cu.  ft.  and  having  i  =  28°,  11  —  0.533: 

TABLE  I. 

COEFFICIBNTS  OP  FKICTION  /  FOB  WeEAT  ON  BlN  WALLS. 

Jauieson. 
Wheat  Weiring  50  lb.  per  cu.  ft.,  and  Angle  of  Repoae  »  —  38  Degrees. 


Wheat  on  wheat 

Wheat  OQ  steel  trough  pUte  bin 

Wheat  on  steel  flat  plate,  riveted  and  tie  bars. . 

Wheat  on  steel  cyliadert,  riveted 

Wheat  on  ccmcDt-coQCrctc,  smooth  to  rough.  . . 

Wheat  on  tile  or  brick,  imooth  to  rough 

Wheat  on  cribbed  wooden  bin 


0 

468 

100.400 

O.W 

^  0-J7S 

0.400 

a  0.425 

0400 

0  0.41s 

0.410 

to  0.4S0 

Pteisner  obtained  the  values  of  /  as  given  in  Table  II,  and  of  t  as  gjven  in  Table  III. 

TABLE  II. 
CoEPPtctENTS  OF  Friction  of  Grain  Bin  Walls.    Plbisnbr. 


Bins. 

Coefficient  of  Frictl«i<.'-Wn#'.                 '        ] 

Wbeat. 

Rye. 

O.IS 
0.4s 
0.7. 

0.54 

0.78 
O.J7 

TABLE  111. 
Values  of  i  —  L/V  for  Wheat  and  Otbbr  Grains  in  Different  Bins.    Pleisnbr. 


Bin*. 

k  -  LIV.                                                             1 

Wheal. 

Rye. 

Rai*. 

Ptai-Hi. 

0.4    too-s 
04   toes 
0.34  tt  0.46 

0.3 
0.3    too.3S 

0.33100.31 
0.3    to  0.34 
0.3    to  0.4s 
0.13  to  0.18 

0.3 

0.5  to  0.6 

0.S  to  0.6 

a^conc;e^bin;:::" 
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TABLE  IV. 

HYPEBB(H.tC  OK  NAPBRIAN  LOGAUTHUS. 


N. 

Log. 

N. 

Loc. 

N. 

Los. 

I^         ' 

0.0000 

3-6s 

1.2947 

6.60 

1.8871 

I. OS 

0.04S9 

3.70 

1.J083 

6.70 

1.9021 

O.09S3 

3-rs 

1.3218 

6.80 

1,9169 

IIS 

0.139S 

3.80 

I-33SO 

6.90 

1-93  IS 

0.1823 

3-8S 

::l£ 

7.00 

1-94S9 

"■»S 

0.2231 

3.90 

7-20 

"■9741 

1.30 

0.1624 

3  95 

1-3737 

7-40 

2.0015 

'■IS 

O.JOOI 

4.00 

1.3863 

7-60 

2.0281 

1.40 

0-3365 

4.05 

1.3987 

7.80 

2,0541 

MS 

0.3716 

4.10 

1.4110 

8x» 

1-0794 

I. SO 

0.405s 

41 S 

1.4231 

8,25 

i-SS 

0^383 

4,20 

I-43S1 

8.50 

2.1401 

1.60 

0.4700 

4-aS 

1-4469 

8.7S 

1..691 

..6s 

0.5008 

4.30 

1.4586 

9.00 

2.1971 

1.70 

0.5306 

4-3S 

1.4701 

9-»S 

2.2246 

^■P 

°-^i^ 

4-40       * 

M816 

950 

2.2513 

1.80 

0.5878 

4.4s 

1.4929 

9-7S 

2.2773 

.    185 

0.6152 

4-50 

IS041 

2,3026 

1.90 

0,6419 

4-SS 

l:|| 

1-3979 

I-9S 

0.6678 

4.60 

,      12.00 

1.4849 

1.00 

0.6931 

4.6s 

13.00 

2.5649 

1.0s 

0.7178 

4-70 

15476 

14.00 

1.6391 

0.7419 

0-7655 

4-7S 

2,7081 

i.rs 

4.80 

2.7726 

0.788s 

4-8S 

1-5790 

17,00 

2.8331 

2.IS 

0.SI09 

4.90 

..5892 

18,00 

2.8904 

1.30 

0.8329 

4-9S 

I-S994 

19.00 

1-9444 

ilS 

0.8544 

5-00 

..6094 

1-9957 

1.40 

SSf 

S-oS 

1,6194 

3044s 

*-4S 

S-io 

I.6192 

3.0910 

2.SO 

0.9163 

S-iS 

1.6390 

23,00 

3-135S 

t^ 

0.9361 

S.20 

1,6487 

24,00 

3.1781 

09SSS 

5.2s 

1,6582 

3.2189            J 

2.6s 

0,9746 

S-30 

1,6677 

jllw 

3.2581 

J.70 

0.9933 

S-3S 

1,6771 

27-00 

3:"9S8 

I-7S 

1.01 16 

S.40 

I:69st 

18.00 

3.3322 

.  a.8o 

1.0296 

S-4S 

19.00 

J -3673 

2.8s 

1-0473 

S'SO 

1.7047 

30.00 

3^012 

».90 

1-0647 

S-SS 

I.7I38 

31.00 

3-4340 

a-9S 

1.0818 

S.60 

i.7Me 

32.00 

3-4657 

3.00 

1.0986 

S-6S 

1-7317 

33,00 

3-4965 

3.0s 

1.IIS4 

S-70 

1.7405 

34.00 

3-S»64 

3.10 

I.1314 

S.7S 

1-749* 

35.00 

3-'S 

1.1474 

S.80 

1-7S79 

40,00 

3.20 

I.i63» 

5-^5 

1.7664 

4S.00 

3-*S 

1-1787 

S-90 

1-7750 

50,00 
60.00 

3.9120 

330 

"-I939 

l;?l 

1.7834 

4-0943 

3.3s 

1.2090 

1,7918 

70.00 

4-1485 

3,40 

6.  0 

1,8083 

80,00 

4-38*0 

34S 

1.2384 

6.20 

1.824s 

QO.00 

4.60^ 

3 -SO 

1.2528 

6.30 

1.840s 

3-55 

1.2669 

6.40 

1-8563 

.     3.60 

.1.2809 

6.50 

.  1.87.8 

important.     In  calculating  the  values  of  V  and  Lin  (7)  and  (8),  it  fa  necessary  to  u»e  a  table  of 
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natural  or  liypeiiiolic  logarithins.  A  brief  table  of  hyperbolic- logarithms  JB  given'iil  Tattle  IV. 
To  find  the  hyperbolic  logarithm  of  any  number,  using  a  table  of  Brigg's  6r  common  logarithhis, 
use  the  relation:  The  hyperbolic  or  Naperian  logarithm  ef  any  itMmft«'  —  eommtm  or  BHgg'* 
logarithm  X  2.30359. 

The  author  has  calculated  the  lateral  pressures  on  steel  plate  bins,  F^.  3. 
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Fig.  3.    Lateral  Pkbssuks  ih  Steel  Plate  Grain  Bins  Calculated  bv  Janssen'sL 

Formula. 

To  use  Fig.  a  to  calculate  the  pressures  in  rectangular  bins,  calculate  the  pressure  in  a  circular 
.  or  square  bin  which  has  the  same  hydraulic  radius,  R  (Ji  ™  area  of  bin  +  perimeter  of  bin),  as 
the  rectangular  bin. 

It  will  be  seen  in  Fig.  3  that  the.  pressure  varies  as  the  diameters,-  where  the  bright  divided 
by  the  diameter  is  a  constant.  By  using  this  principle  the  pressure  for  any  other  diameter  witbin 
the  limits  of  the  diagram  may  be  directly  interpolated. 

Problem  i.  Required. the  lateral  pressure  at  the  bottom  of  a  cement  lined  bin,  10  ft.  in 
diameter  and  10  ft.  high,  containing  wheat  weighing  50  lb.  per  cu.  ft.  Assume  fi'  —  0.416,  and 
A  -  0.6,  also  J?  will  =  3)  ft.,  w  =  so  lb.,  h  -  ao  ft.;  and  k-n'  —  0.25. 

Now  from  (8)  >V  ;       .■■    ■  1 

-  300(1  -«-•). 
Now  from  Table  IV  the  number  whose  hyperbolic  logarithm  is  a.oo  is  7.40,  and 


L  =  300(1 


7.40/ 
i-  360  lb.  per  sq.  ft., 
°=  1.8  lb.  persq.  in. 
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0«niiKn  RmctiGA. — Janssen's  formula  is  given  in  Hutte  Dea  lageiiieiirB  Taachenbucih,  u 
the  Btaudard  iormu]^  for  the  design  of  grain  bins.  For  wheat  Jaosaen  found  that  /  —  0.3,  and 
k  —  0.67,  so  that  ii'-k  —  0.30.    Using  these  values  and  chan^ng  to  English  units,  we  have  fm 

V  -  ^^  (I  -  «-«t»/*) 
or  if  J  K  diameter  or  ade  of  bin,  then 

V  -  tw<i(r-(r«^«) 
L-kV 

which  is  the  Gennan  practice. 

Load  on  Bin  WalU.— The  walls  of  a  deep  bin  carry  the  greater  part  of  the  weight  of  the 
contents  of  the  bin.  The  total  weight  carried  by  the  bin  walls  is  equal  to  the  total  pressure,  P. 
of  the  grain  on  the  bin  walls,  multiplied  by  the  coefficient  of  friction  m'  of  the  grain  on  the  bin 

From  formula  (8)  the  unit  pressure  on  a  unit  at  a  depth  y  will  be 

L  -  ^?  Ci  -  r-*.^'.»/S)  Co) 

and  the  total  lateral  pressure  for  a  depth  y,  per  unit  of  length  of  the  perimeter  of  the  bin,  will  be 

P-£  Lit  -  Jl^-fi  (I  -  »^-'..'«Wy 

M    L        k-n      k-n  J 

Now  the  last  term  in  (ii)  is  very  small  and  may  be  neglected  for  depths  of  more  than  two 
diameters,  and 

^-¥['-I7]<— > 

The  total  load  per  lineal  foot  carried  by  the  ride  walls  of  the  \Aa  will  be 

P-m'  =  w  R  I  y  -  j7-;J  (approx.)  (13) 

For  the  total  wdgfat  of  grain  carried  by  the  side  walls  multiply  (13)  by  the  length  of  the  cir- 
cumference of  the  bin. 

Formula«  (13)  and  (13)  may  be  dedutxd  as  follows: — The  grain  carried  by  the  sides  of  the 
bin  will  be  equal  to  the  total  weight  of  grain  in  the  bin  minus  the  pressure  on  the  bottom  of  the 
bin.     If  P  is  the  total  wde  pressure  on  a  section  of  the  bin  one  unit  long,  then 

P-V-^'  ~wA-y~  A-V  (a) 


and  solving  (6 

''-?tf[' -16 '■-'"*'■'">]                                            "> 

-'^['-K?<--^-"-']                                          '■■' 

-!^[3'-i^]<appro...)                                                          (13) 

and  the  total  lend  catried  c 
(ii)by/,and 

n  a  section  of  the  bin  one  unit  long  will  lie  found  by  multiplying  P  in 
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-  «i  .R  [  y  -  ~^  (approic)  (13) 

For  example  take  a  Meel  bin  10  ft.  in  diameter  and  100  ft.  deep;  weight  of  wheat,  w  —  SO 
lb.  per  cu.  ft.;  angle  of  friction  of  wheat  on  steel,  it'  —  0.375;  angle  of  repose  of  grain  on  grain, 
II  ^  tan  28°  —  0.533  (fi  does  not  occur  in  formula  (13)  but  may  be  used  in  calculating  an  approxi- 
mate value  of  fc  —  (i  —  sin  2&'')l(i  +  rin  28°)  —  O.37  which  is  a  dose  approximation  to  A  =  0.4 
which  will  be  lued).    Then  the  load  carried  by  the  ude  walls  per  lineal  foot  will  be  from  (13) 

P-*.'-y>X2.5[i< 

-  10,416  lb. 
The  total  load  on  the  entire  bin  walls  will  be 

P-pf  X  3r-4'6  =  327.635  lb- 

The  total  weight  c4  wheat  in  the  bin  is 

50  X  78.5  X  100  -  392,700  lb. 
and  the  tptal  load  carried  by  the  bottom  of  the  bin  is 

392,700  -  327,635  -  65,065  lb. 
and  the  pressure  on  the  bottom  —  V  —  65,065/78.54  -  830  lb.  per  sq.  ft.     From  formula  (7)  we 
find  that  V  -  830  lb.  per  sq.  ft. 

EXPERIMENTS  ON  THE  PRESSURE  OF  GRAIN  IN  DEEP  BINS.— The  laws  of  pressure 
of  grain  and  similar  materials  are  very  different  from  the  well  known  laws  of  Quid  pressure.  Dry 
wheat  and  corn  come  very  nearly  filling  the  definition  of  a  granular  mass  assumed  by  Ranldne  in 
deducing  his  formulas  for  earth  pressures.  As  stored  in  a  bin  the  grain  mass  is  limited  by  the 
bin  walls,  and  Rankine'a  retaining  wall  formulas  are  not  directly  applicable. 

If  grain  is  allowed  to  run  from  a  spout  onto  a  floor  it  will  heap  up  until  the  slope  reaches  a 
certain  angle,  called  the  ai^le  of  repose  of  the  grain,  when  the  grain  will  slide  down  the  surface 
of  the  cone.  If  a  hole  be  cut  in  the  bottom  of  the  side  of  a  bin,  the  grain  will  flow  out  until  the 
□pening  is  blocked  by  the  outflowing  grain.  There  is  no  tendency  for  the  grain  to  spout  up  as 
in  the  case  of  fluids.  If  grain  be  allowed  to  flow  from  an  orifice  it  flows  at  a  constant  rate,  which 
is  independent  of  the  head  and  varies  as  the  diameter  of  the  orifice. 

Experiments  by  Willis  Whited,*  and  by  the  author  at  the  University  of  lUinds,  with  wheat 
have  shown  that  the  flow  from  an  orifice  is  independent  of  the  head  and  varies  as  the  cube  of  the 
diameter  of  the  orifice.  This  phenomenon  can  be  explained  as  follows:  The  wheat  grains  in 
the  bin  tend  to  form  a  dome  which  supports  the  weight  above.  The  surface  of  this  dome  is 
actually  the  surface  of  rupture.  When  the  orifice  is  opened  the  grain  flows  out  of  the  space  below 
the  dome  and  the  space  is  filled  up  by  grains  dropping  from  the  top  of  the  dome.  As  these  grains 
drop  others  take  their  place  in  the  dome.  Experiments  with  glass  bins  show  that  the  grain  from 
ibe  center  of  the  bin  is  discharged  first,  this  drops  through  the  top  of  the  dome,  while  the  grain 
in  the  lower  part  of  the  dome  discharges  last. 

The  law  of  grain  pressures  has  been  studied  experimentally  by  several  engineers  within 
recent  years.  A  brief  resume  of  the  most  important  experiments  Is  given  in  the  author's  "The 
Dedgn  of  Walls,  Bins  and  Grain  Elevators,"  where  after  a  careful  study  of  all  available  experi- 
ments the  author  reached  the  following  conclusions: — 

I.  The  pressure  of  grain  on  bin  walU  and  bottoms  follows  a  law  (which  for  convenience  will 
becalled  the  law  of  "semi-fluids"},  which  is  entirely  different  from  the  lawofthepressure  of  fluids. 

•Proc  Eng,  Soc.  of  West.  Penna.,  April,  1901.  C    t)t)Q[c 
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a.  The  lateral  pre»Bure'o(  grain  on  bin  walk  is  lesa  than  th^  vertical  pressure  (0.3  to  0.6  d  ' 
the  vertical  pressure,  depending  on  the  grain,  etc.).  and  increases  very  little  after  a  depth  of  sj 
to  3  times  the  width  or  diameter  of  the  bin  is  reached. 

'      '  3.  The  ratio  of  lateral  to  vertical  pressures,  k,  isnot  a  constant,  but  varies  with  diffenent  grain 
and  bins.     The  value  of  k  can  only  be  determined  by  experiment. 

4.  The  pressure  of  moving  grain  is  very  slightly  greater  than  the  piessure  of  grain  a 
(maximum  variation  for  ordinary  conditions  ib,  probably,  10  per  cent). 

5.  Discharge  gates  in  Wns  should  be  located  at  or  near  the  center  of  the  bin, 

6.  If  the  discharge  gates  are  located  in  the  sides  of  the  bins,  the  lateral  pressure  due  to  moving 
grain  is  decreased  near  the  discharge  gate  and  is  materially  increased  on  the  side  opposite  tiK 
gate  (for  common  conditions  thb  increased  pressure  may  be  two  to  four  times  the  lateral  pressun 
of  grain  at  rest). 

7.  Tie  rods  decrease  the  flow  but  do  not  materially  affect  the  pressure. 

8.  The  maximum  lateral  pressures  occur  immediately  after  filling,  and  are  slightly  greater 
in  a  bin  filled  rapidly  than  in  a  bin  filled  slowly.  Maximum  lateral  pressures  occur  in  deep  bins 
durii^  filling. 

9.  The  calculated  pressures  by  either  Janssen's  or  Airy's  formulas  agree  very  closely  with 
actual  pressures. 

10.  The  unit  pressures  determined  on  small  surfaces  agree  very  closely  with  unit  F 
on  large  surfaces. 

11.  Grain  bins  designed  by  the  fluid  theory  are  in  many  cases  unsafe  as  no  provinon  is  made 
for  the  side  walls  to  cany  the  weight  of  the  grain,  and  the  walls  are  crippled. 

12.  Calculation  of  the  strength  of  wooden  bins  that  have  been  in  successful  operation  shovs 
that  the  fluid  theory  is  untenable,  while  steel  bins  designed  according  to  the  fluid  theory  ha« 
failed  by  crippling  the  side  plates. 

KECTAHGULAR  STEEL  BINS.— For  the  calculation  of  the  stresses  in  and  the  design  of 
rectangular  steel  bins,  see  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Elevaton," 
Second  Edition. 

dBCnLAR  STEEL  BINS. — In  the  designing  of  steel  grain  bins  particular  attention  should 
be  given  to  the  horizontal  joints,  and  to  the  strength  of  the  bin  to  act  as  a  column  to  support  the 
grain.  To  calculate  the  thickness  of  the  metal  the  horizontal  pressure  L  is  obtained  from  Jar 
ssen's  formula,  and  then  the  thickness  may  be  found  by  the  formula 

where  (  =  thickness  of  the  plate  in  in.; 

L  ^  horizontal  pressure  in  lb.  per  sq.  in.; 
d  B  diameter  of  bin  in  in.; 
5  =  working  stress  in  steel  in  lb.  per  sq.  in.; 
/  =  eflicicncy  of  the  joint. 
The  unit  stress  S  may  be  taken  at  t6,000  lb.  per  sq.  in.,  and /will  be  about  57  per  cent  for  a 
single  riveted  lap  joint,  73  per  cent  for  a  double  riveted  lap  joint,  and  80  per  cent  for  double 
riveted  double  strap  butt  joints.     For  the  efficiency  of  riveted  joints,  see  Table  Ila,  Chapter  XI. 
The  allowable  stresses  given  for  the  design  of  steel  mill  buildings  should  be  used  in  design. 
These  allowable  stresses  arc  as  follows:    Tension  on  net  section  16,000  lb.  per  sq,  in.;  shear  on 
cross-section  of  rivets  11,000  lb.  per  sq.  in.;  bearing  on  the  projection  of  rivets  {diameter  X  thick- 
ness of  plate)  22, 000  lb.  per  sq.  in.     Compression  in  columns  P  =  16,000  —  7oi/r  where  P  ^  unit 
stress  in  lb.  persq.  in,,  /'^length  of  member  and  r  — radius  of  gyration  of  the  member,  both  in  inches. 
Rivets  in  Horizontal  Joints.— The  side  walls  carry  a  large  part  of  the  weight  of  the  grain  in 
the  bin  and  this  should  be  considered  in  designing  the  horizontal  joints.     The  weight  rrf  the 
grain  supported  by  the  bin  above  any  horizontal  joint  can  be  calculated  as  shown  in  the  followii^ 
example.    Assume  a  steel  plate  bin  25  ft.  in  diameter,  and  it  is  required  to  calculate  the  grain 
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supported  by  the  bin  walls  above  a  horizontal  joint  75  (t,  below  the  top  of  the  grain.  From 
equation  (13)  the  grain  carried  by  the  bin  wa.lls  per  lineal  toot  of  circuinference  of  bio,  where 
nr  =  50  lb.  per  cu,  ft,; »'  ■  OJ75;  k  "  040,  also  R  —  25/4  -  6.25,  and 

6.2,->        1 


/■•/  -  30  X  6.35  [  7: 
—  10,415  lb. 


0.4  X  0.375  J 


The  weight  of  the  steel  bin  above  the  joint  may  be  taken  aa  1,350  lb.  per  lin^l  foot  <rf  joint. 
The  horizontal  riveting  should  then  be  des^ned  for  a  shear  of  11,665  ">•  per  lineal  foot  of  joint. 
Assume  that  the  plates  arc  )  tn.  thick  and  the  rivets  I  in.  in  diameter.  For  allowable  stresses  of 
16,000  lb.  per  sq.  in.  in  tension,  11,000  lb.  per  sq.  in.  in  shear,  and  ai.ooo  lb.  per  sq.  in.  in  com- 
pression; then,  TablelI4,Part  II,  the  value  of  a  }  in.  shop  rivet  in  single  shear  =•  4,860  lb.,  and  a 
field  rivet  is  |  of  4,860  =■  3,340  lb,,  and  in  compression  ••  6,190  lb.  for  shop  rivets  and  —  4.137 
lb.  for  field  rivets.  For  a  lap  joint  therefore  the  spacing  should  not  be  greater  than  3,340  X  13 
-i-  i  1,66s  =  3-35  in.,  requiring  but  one  row  of  rivets, 

Stressea  In  a  Steel  Bin  Ihie  to  Wind  Moment — If  M  is  the  moment  due  to  the  wind  acting 
on  the  bin  above  the  horizontal  joint,  then  the  stress  per  lineal  foot  of  joint  due  to  wind  n 
will  be 


3/ 


,  but  I  •*  ix-tP  (approx.)  and  S  • 


(■5) 


where  all  dimensions  are  in  feet.  For  a  wind  load  of  30  lb.  per  sq.  ft.  on  two-thirds  of  the  tank 
(30  lb.  per  sq.  ft.  on  the  entire  surface  of  the  tank)  the  wind  stress  will  be  .^~  '^  3,865  lb.  per  lineal 
foot.  The  spacing  therefore  should  not  be  greater  than  3,340  X  13  -1-  (11,665  +  3,865)  ^  3j  in. 
Stiffenera. — In  large  circular  steel  bins  the  thin  side  walls  are  not  sufUciently  rigid  to  support 
the  weight  of  the  grain  and  it  is  necessary  to  supply  stiffeners.  For  this  purpose  angles  or  Z-tiars 
may  be  used.  Experience  has  shown  that  bins  in  which  the  height  is  equal  to  or  greater  than 
about  3}  times  the  diameter  do  not  need  stiffeners.  There  is  at  present  no  rational  method  for 
the  design  of  these  stiffeners  or  the  stiffeners  in  plate  girders.  In  Fig.  9  will  be  seen  the  details 
of  a  steel  bin  of  the  Independent  Steel  Elevator  with  Z-bar  stiffeners.  Angle  stiffeners  were 
used  in  the  bins  of  the  Electric  Elevator,  Minneapolis,  Minn.  -  - 


Fig.  3.    Plak  cw  Steel  Stokage  Bins  for  a  Steel  Elevator, 

Circttlar  steel  bins  are  used  for  storage  tn  large  elevators  and  may  be  used  for  a  complete 
elevator  as  in  Fig.  3.  The  space  between  the  bins  is  sometimes  used  for  aunliary  storage.  The 
circular  bin  walls  are  stiffened  by  means  of  vertical  channels,  and  the  auxiliary  bins  arc  cross- braced 
»-ilh  steel  rods.  Complete  details  of  circular  steel  bins  for  the  Independent  Elevator.  Omaha, 
Neb.,  are  shown  in  Fig.  9.  /--  r 
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Steel  Conntiy  EleTAtor. — General  plans  of  a  steel  grain  elevator  (or  the  Manhattan  Milling 
Co.,  designed  and  conatructed  by  the  Minneapolis  Steel  &  Machinery  Co.,  Minneapolis,  Minn., 
are  given  in  Fig.  4.  This  elevator  could  easily  be  changed  to  a  shipping  elevator  by  putting  in  a 
wagon  dump.  Grain  is  run  from  the  cara  into  the  boot  of  the  receiving  leg,  and  is  then  elevated 
and  conveyed  by  a  screw  conveyor  to  the  large  storage  bins,  or  is  run  into  the  temporary  storage 
bins,  then  cleaned  and  elevated  and  conveyed  to  the  storage  bins  by  the  screw  conveyor.  The 
bins  are  built  of  steel  plates,  and  the  working  house  is  built  of  steel  framework  covered  with  cor- 
rugated steel.  This  elevator  has  a  capacity  of  76,300  bushels  but  the  scheme  can  be  used  for  a 
30,000  to  4O1OOO  bushel  elevator  for  either  shipping  or  for  milling  purposes. 

THE  INDEPENDENT  STEEL  ELEVATOR,  OMAHA,  NEB.  General  Description.— 
This  elevator  consists  of  a  steel  working  house  having  a  bin  capacity  of  240,000  bushels  and  8  steel 
storage  bins  having  a  storage  capacity  of  100,000  bushels  each,  making  a  total  storage  capacity  of 
1,040,000  bushels. 

The  steel  working  house  is  64  ft.  X  70  ft.,  with  14  ft.  sheds  on  two  ends  and  one  nde,  as 
shown  in  Fig.  5.  The  sub-story  of  the  building  is  26  ft.  The  bins  are  64  ft.  4  in.  h^h,  as  shown 
in  Fig.  6,  and  are  supported  on  steel  columns,  as  shown  in  F^.  6  and  Fig.  7.  The  spouting  story 
is  24  ft.  6  in.  high;  the  gamer  and  scale  story  is  26  ft.  6  in.  high;  and  the  machinery  story  is  13 
ft.  8  in.  high.  The  walls  below  and  above  the  bins  are  covered  with  No.  34  corrugated  steel  laid 
with  li  corrugatbns  side  tap  and  3  in.  end  lap.  The  roof  is  covered  with  No.  22  corrugated  steel 
laid  directly  on  the  steel  purlins  with  2  corrugations  side  lap  and  6  in.  end  lap. 

On  the  fiiBt  or  working  floor  the  floor  between  the  tracks  is  made  of  i  in,  plate  bolted  to  the 
beams,  while  the  remainder  of  this  floor  is  made  of  concrete  filled  in  above  concrete  arches  which 
rest  on  the  flai^^  of  the  beams  with  a  finish  i]  in.  thick  of  Portland  cement  mortar  conusting 
of  one  part  cement  to  one  part  clean,  sharp  sand.  The  concrete  is  composed  of  one  part  Portland 
cement,  two  parts  sand,  and  five  parts  crushed  stone. 
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Fig.  5.     Plan  of  Insepsndbnt  Elevator. 

The  floor  of  the  cupola  throughout  the  different  floors  and  in  the  gallery  leading  over  the 
bins  is  made  of  No.  24  corrugated  steel  resting  on  steel  framework,  and  covered  with  3  in.  of  con- 
crete and  a  one-inch  finish  of  one  to  one  Portland  cement  mortar  troweled  smooth.  All  doors 
are  of  the  rolling  steel  type.  The  window  frames  were  made  of  2  in.  X  6  in.  timbers  and  are 
covered  with  No.  26  sheet  steel.  All  windows  are  provided  with  ij  in.  checked  rail  sash  and  are 
glazed  with  double  strength  glass. 

Painting. — All  steel  work  of  every  description  was  painted  with  one  coat  oxide  of  iron  paint 
at  the  shop  and  a  second  coat  after  erection.  The  tank  plates  and  corrugated  steel  were  painted 
on  the  exterior  surface  only  after  erection. 

Hns.— The  eight  steel  storage  bins  are  44  ft.  in  diameter  and  80  ft.  high,  have  a  capacity  of 
100,000  bushels  and  rest  on  separate  concrete  foundations.  The  bins  are  constructed  of  steel 
plates  stiffened  with  Z-bars,  as  shown  in  Fig.  9.  The  bins  are  covered  with  a  steel  plate  roof. 
Fig.  12,  supported  on  roof  trusses,  as  shown  in  Fig.  11  and  Ftg.  13.     A  conveyor  gallery  10  ft. 
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Fig.  6.    Transverse  Section  of  Working  House  op  Independent  Eletatok. 
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wide  and  8  (t.  high  extends  from  the  worldns  house  over  the  bins.  A  conveyor  tunnel  exten 
from  the  working  house  under  the  bins.  The  rivet  spacing  in  the  circular  bins  is  shown  in  Fig.  i 
The  bins  in  the  working  house  are  arTa.nged  as  shown  in  Fig.  B,  and  are  constructed  of  plata 
as  shown  in  Fig.  6  and  Fig.  7.  The  bins,  14  ft.  X  16  ft.,  are  braced  in  the  corners  with  an^ 
braces  spaced  5  ft.  centers  vertically,  and  of  the  sizes  shown  in  Fig.  8.  The  large  bins  are  ala 
braced  with  {  and  {-in.  round  rods  spaced  5  ft.  apart  as  shown.  All  the  smaller  bins  are  braoB 
with  t-in.  round  rods  spaced  3  (t.  6  in.  apart  as  shown.  Vertical  angles  in  the  sides  of  the  Ui 
are  provided,  as  shown  in  Fig.,  6,  Fig.  7,  and  Fig.  8. 


Cmntdhn  ef/teA  wt 


s 


■*-*  _ . 

Fig.  8.     Plan  of  Bins  in  Working  House  of  Indefenden:^  Elevatok, 
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EQUIPHBKT. — There  are  two  stands  of  receiving  elevators  with  receivii^  pitB  on  eithi 
side.  These  elevators  have  33-inch  6-p1y  belts  and  so  in.  X  7  in.  X  7  in.  buckets  spaced  14  a 
apart;  the  receiving  pits  are  covered  with  steet  gmting,  and  a  pair  of  Clark's  automatic  gru 
shovels  are  located  at  each  unloading  place.  These  elevators  are  driven  with  an  electric  mo;? 
of  100  H.  P.,  each  elevator  being  driven  with  a  clutch  and  pinion  so  that  the  elevator  may  n 
stopped  and  started  at  will- 
There  is  one  stand  of  shipping  elevators  constructed  in  the  same  manner,  having  a  36-I1 
6-ply  belt  and  3  lines  of  13  in.  X  7  in.  X  7  in.  buckets  spaced  14  in.  apart. 


3  OF  Bin  Bottoms  and  Convbvors  uhd&k  Bins,  Independent 


There  are  two  stands  of  cleaning  elevators  with  i4-in.  d-ply  belts  with  13  in.  X  6  in.  X  6  in 
buckets  spaced  13  in.  apart. 

There  are  also  two  screenings  elevators  with  9-in.  5-ply  belts  with  8  in.  X  5  in.  X  5  ■" 

buckets  spaced  13  in.  apart. 

.  The  shipping,  screenings,  and  cleaner  elevators  are  driven  from  a  line  shaft  which  is  dnva 
by  a  100  H.  P.  motor,  each  elevator  being  driven  by  a  core  wheel  and  pinion. 

Three  scale  hoppers,  having  a  capacity  of  1,800  bushels,  are  located  in  the  cupola,  and  thiW 
garner  hoppers  of  1 ,800  bushels  capacity  are  located  above  the  scale  hoppers. 

The  main  line  shaft  on  the  first  floor  is  driven  by  a  170  H.  P.  moto^. 

A  car  puller  capable  of  moving  35  loaded  cars  is  provided. 

Elevators. — The  boots  of  the  receiving  and  shipping  elevators  rest  in  water-tight  steel  boc< 
tanks  made  of  A-i"-  steel  plates.     The  elevator  boots  are  made  of  -^-in.  steel  plates,  the  boot  pull 
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leys  having  a  vertical  adjustment  of  8  inches.  The  elevator  cases  are  made  of  No.  12  ateel  up  to 
the  bins,  and  of  A->°-  plates  in  the  bins,  and  No.  14  steel  above  the  bins.  The  cases  are  strength- 
ened by  angles  at  the  comers.  The  elevator  beads  are  made  of  No.  14  steel.  At  each  receiving 
elevator  is  a  large  elevator  pit  extending  from  the  leg  back  to  the  center  of  the  tract.  This  pit 
is  constructed  of  beams  and  A-in-  pl^es  and  is  covered  with  a  grating  of,!}  X  1-in-  bars  spaced 
I  i  in.  apart.     . 

The  elevator  buclcets  are  "  Buffalo"  buckets;  thbse  for  the  receivii^  elevators  are  30  in.  X  7 
in.  X  7  in.;  for  the  shipping  elevators  two  lines  of  13  in.  X  7  in.  X  7  in.  buckets;  for  the  cleanii^ 
elevators  one  line  of  12  in.  X  6  in.  X  6  in.  buckets;  and  for  the  screenings  elevator  one  line  of 
S  in.  X  5  in.  X  5  in.  buckets.  The  buckets  in  the  receiving,  shipping  and  cleaning  elevators 
are  spiaced  14  in.  apart,  while  those  in  the  screenings  elevator  are  spaced  is  in.  apart. 

The  elevator  belts  in  the  receiving  elevators  are  33  in.  wide  and  6-ply,  the  shipping  belts 
are  a6  in.  wide  and  6-ply;  the  cleaning  belts  are  14  in.  wide  and  6-ply,  and  the  screenings  belts 
are  9  in.  wide  and  5-ply.    The  belting  is  made  of  32  ounce  duck  and  is  first-class. 


^fff  Framing  Plan  forTanks. 
Fic.  1 1.    Fkauing  for  Roof  of  Circular  Bins,  Independent  Elevator. 

Spouta. — The  building  is  provided  with  a  complete  system  of  spouts.  The  general  distrib- 
uting spouts  from  the  scales  to  the  shipping  spouts  are  double-jointed  Mayo  spouts.  There  are 
ifiiee  shipping  spouts  which  are  provided  with  telescoping  [jottom  sections.  All  bin  bottoms 
are  provided  with  a  revolving  spout  with  a  cut-off  gate  operated  with  a  rack  and  pinion,  with 
cords  leading  to  within  reaching  distance  of  the  floor, 

Conveyors. — ^The  conveyor  belt  leading  from  the  working  house  over  the  bins  is  a  36  in. 
4-ply  conveyor  belt,  is  carried  on  disc  rolls  consisting  of  3  straight-faced  6-in.  pulleys  and  2  special 
discs;  the  discs  run  loose  on  the  shafts,  which  are  lA^'i'  diameter  and  are  spaced  5  ft.  centers. 
The  return  rolls  are  5-in.  straight-faced  rolls  spaced  15  ft.  centers.  At  each.point  in  the  elevator 
where  grain  is  loaded  onto  the  belt  tiiere  are  two  pairs  of  special  concentrating  rolls.     Movable 
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Fig.  la.    Details  of  Steel  Roop  for  Steel  Bins  for  Independent  Elevator. 
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trippers  provided  with  spouta  are  provided,  eo  that  grain  may  be  discharged  on  either  side  of  the 
iDelt.  The  entire  conveyor  is  carried  on  a  ateel  framework.  The  conveyor  belt  is  driven  by  a 
40  H.  P,  motor.  The  conveyor  in  the  tunnel  leading  from  the  storage  tanks  to  the  worUng 
bouse  is  of  the  same  type  as  the  conveyor  above  the  bins,  and  is  supported  on  a  steel  framework, 
except  that  the  top  or  carrying  rolls  are  all  of  the  concentrating  types,  as  shown  in  Fig.  10.  The 
concentratii^  rollers  are  composed  of  two  straight-faced  rolls  from  the  main  shaft,  and  two 
concentrating  rolls  meeting  at  an  angle  of  45°  to  the  straight  rolls.  The  lower  conveyor  is  driven 
by  a  rope  drive  from  the  main  line  shaft  in  the  working  house. 


Fig.  13.    Details  of  Steei,  Roof  Truss  for  Steel  Bins,  Independent  Elevator. 


Scale  Hopp«ra. — There  are  three  scale  hoppers  of  i,Soo  bushels  capacity,  each  mounted 
on  a  Fairbanks- Morse  and  Company's  scales,  having  a  capacity  of  84,000  lb.,  and  have  steel 
frames.  The  hoppers  have  A-m-  rteel  plate  sides,  and  J-in.  plate  bottoms,  stiffened  with  angle 
irons,  and  are  tied  together  with  tie  rods.  Each  hopper  is  provided  with  a  3a-in.  cast  iron  outlet 
with  a  steel  plate  cut-off  gate. 

GwnoiB, — A  steel  gamer  hopper  is  placed  directly  over  each  scale  hopper.  The  gamers 
have  a  capacity  of  1,800  bushels,  and  are  constructed  with  A-m-  side  plates  and  i-in.  bottom 
plates.  The  bottoms  of  the  gamers  are  hoppered  to  four  openings,  which  are  provided  with  gates 
sliding  on  steel  rollers. 

Cleaning  Machines. — A  large  size  cleaning  machine  and  a  large  site  oat  clipper  are  provided. 
These  machines  are  connected  with  a  targe  dust  collector  which  dischaiges  the  dust  from  the 
cleaning  machines  and  from  the  sweepings  outside  of  the  building. 

Car  PdHct. — A  car  puller  having  a  capacity  of  25  loaded  cars  is  provided.  The  car  puller 
has  two  drums,  each  provided  with  400  ft.  of  j-in.  crucible  steel  cable. 

ShorelB. — A  pair  of  Clark  automatic  grain  shovels,  with  all  necessary  counterwdghts,  sheaves, 
scoops,  etc.,  are  provided. 

The  total  weight  of  steel  in  the  elevator  is  1,700  tons;  approximately  900  tons  in  the  working 
house,  and  800  tons  in  the  circular  bins  and  conveyors. 

The  total  cost  was  {305,000,  of  which  the  S  steel  Inns  and  conveyors  cost  (80,000. 

COST  OP  STEEL  GRAIN  ELEVATORS.— The  following  costs  of  steel  grain  elevators  have 
been  taken  from  the  author's  "  The  De^gn  of  Walls,  Bins  and  Grain  Elevators,"  which  also  gives 
costs  of  reinforced  concrete  and  tile  bins,  and  timber  grain  elevators.  The  total  cost  of  the  steel 
grain  elevator  of  the  working  house  type,  constructed  by  the  Great  Northern  Railway  at 
Superior,  Wu.,  was  39.65  cts.  per  bushel  of  storage.  The  elevator  had  a  storage  capacity  of 
3,100,000  bushels,  and  the  steel  weighed  7  lb.  per  bushel  of  storage  capacity.    The  Independent 
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Elevator  coat  9i  cts.  per  bushel  storage  capadty  for  the  steel  bins^and  54  cts.  per  bushel  stora|i  I 
capacity  for  the  worUag  houie.  A  steel  country  elevator  having  four  steel  tanks,  17}  ft.  dian- 1 
eter  and  30  ft.  high,  with  an  inteispace  bin  and  a  conveyor  shed,  and  having  a.  storage  capadt; 
of  30,000  bushels,  weighed  3  lb.  per  bushel  of  storage  capadty.  The  shop  cost  and  cost  of  era- 
tion  of  the  structural  steel  was  S15.00,  and  $igxx>  per  ton,  respectively. 

Ref erancM. — For  the  derign  of  reinforced  concrete  grain  t^  and  elevators,  and  for  additioiul 
data  and  examples,  see  the  author's  "The  Design  ot  Walls,  Bins  and  Grain  Elevators." 
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CHAPTER  X. 
Steel  Head  Frames  and  Coal  Tipples. 

Types  irf  Head  Works  for  Mines. — The  design  of  the  head  works  for  a  mine  depends  upon 
the  material  which  is  to  be  hoisted,  upon  the  depth  of  the  mine,  the  inclination  of  the  shaft,  the 
rate  of  hmeting,  the  amount  to  be  hoisted  at  one  time,  the  treatment  of  the  ore  or  coal  after  being 
hoisted,  and  upon  the  material  used  in  the  conatruction  of  the  structure.  Head  works  for  mines 
may  be  divided  into  three  classes:   (i)  head  frames;  (l)  rock  houses;  (3)  coal  tipples. 

The  first  head  frames  were  constructed  of  timber;  the  roost  common  type  being  the  4-poat 
head  frame.  The  square  or  rectangular  mine  tower  was  cross-braced  and  the  sheave  supports 
were  made  of  heavy  timber.  The  back  brace  was  inclined  and  was  placed  between  the  hoisting 
rope  and  the  line  of  tlie  resultant  of  the  stress  in  the  hoisting  rope. 


Fig.  3. 

Steel  head  frames  vary  in  design  to  suit  local  conditions  and  the  ideas  of  the  designer.  The 
A-frame  in  Fig.  I  is  the  most  satisfactory  type  where  conditions  permit  of  its  use.  It  is  simple 
in  design  and  economical  of  material;  the  stresses  are  statically  determinate,  and  it  can  be  easily 
and  effectively  braced,  making  a  very  rigid  frame.  The  4-post  frame  in  Fig.  a  is  the  type  to  use 
when  it  is  necessary  to  hoist  from  several  compartments  of  a  shaft  not  in  a  single  line.  It  is  also 
used  for  coal  tipi^ea  and  double  compartment  shafts.  The  4-pOEt  frame  is  not  so  economical  of 
material  as  the  A-frame;  is  more  difficult  to  brace  effectively,  partly  for  the  reason  that  part  of 
the  bracing  in  the  tower  must  be  omitted  to  permit  the  dumping  of  the  ore  or  coal,  and  in  addition 
the  stresses  are  statically  indeterminate.  The  frame  shown  in  Fig.  3  is  a  modification  of  the 
A-frame  used  for  an  inclined  shaft.  Several  early  head  frames  in  the  coal  fields  of  Pennsylvania 
were  built  on  the  lines  of  the  frame  shown  in  Fig.  4.  This  type  of  frame  has  no  points  of  merit 
and  is  practically  obsolete. 

For  an  elaborate  discusuon  of  the  design  of  head  frames,  coal  tipples,  and  Other  mine  struc- 
tures, see  the  author's  "The  Dewgn  of  Mine  Structures." 

BIETHODS  OF  HOISTING.— tn  hoisting  from  inclined  or  vertical  shafts,  the  hoisting 
ei^ne  is  placed  at  some  distance  from  the  mouth  of  the  shaft,  the  cable  passes  up  over  the  sheave 
at  the  top  of  the  head  frame  and  into  the  shaft.  The  rope,  if  round,  is  carried  on  a  smooth  or  a 
grooved  hoisting  dium,  and  if  Sat,  is  carried  on  a  hoisting  reel.  The  maximum  working  load  on 
the  rope  occurs  when  the  loaded  skip  or  cage  is  being  hoisted  from  the  bottom  of  the  shaft.  The 
working  load  then  consists  of  the  skip  or  cage,  the  load,  the  accelerating  force,  the  weight  of  the 
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rope  itself,  and  the  friction  of  the  rope  on  the  sheave  and  drum  and  of  the  ddp  or  cage  in  tk 
giudes. 

With  round  ropes  the  hoisting  drum  for  deep  mines  is  commonly  made  conica],  the  snii 
diameter  bang  used  when  the  load  is  at  the  bottom  of  the  chaXt.    Flat  ropes  are  wound  on 


Fio.  3, 


Fig.  , 


so  that  the  small  diameter  is  used  when  the  load  is  at  the  bottom  of  the  shaft,  the  diameter  i 
the  reel  increasing  as  the  rope  is  wound  up.  The  required  height  of  the  head  frame  depeoli 
upon  (i)  the  room  required  for  screening,  crushing  and  handlii^  the  coal  or  ore;  {2)  the  sp«< 
of  hoisting — with  rapid  hobting  it  is  necessary  to  have  a  height  from  the  landing  to  the  sbeam 


■Hoistt'nj  On/m 


Fig.  5. 

of  from  two  to  three  times  the  height  of  the  cage  or  skip  or  a  full  revolution  of  the  drum  to  prewnt 
over  winding,  and  (3)  the  desired  location  of  the  hoisting  engine.  With  a  given  height  of  head 
frame  A,  the  distance  i.  Figs,  i  to  5,  depends  upon  the  diameter  of  the  sheave,  the  diameter  of 
the  rope,  and  whether  the  rope  is  round  or  flat.    The  sheave  should  be  as  large  as  can  conveniently 
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e  uaed,  as  the  larger  the  sheave  the  longer  the  life  of  the  hoisting  rope.  The  inertia  of  a  large, 
eavy  sheave,  however,  with  rapid  hoisti:^  may  kink  the  rope  and  cause  excessive  wear.  The 
ending  stresses  in  flat  ropes  for  a  sheave  of  given  diameter  are  less  than  in  round  ropes  having 
qual  strength,  but  the  life  of  flat  ropes  is  less  than  for  round  ropes.  Flat  ropes  ate  wound  on 
eels  which  are  at  all  times  in  line  with  the  head  frame  sheave,  while  round  ropes  are  wound 
>□  a  drum  so  that  the  horizontal  ar^le  between  the  center  line  of  the  sheave  and  the  cable  is 
antinually  changing.    The  distance,  d,  for  flat  ropes  can  then  be  less  than  for  round  ropes. 
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Fig.  6.    GiLBERTON  Steel  Head  Frame. 

Hoisting  from  mine  shafts  is  commonly  done  in  two  compartments  of  the  shaft  at  the  same 
time,  the  unloaded  skip  or  cage  descending  as  the  loaded  skip  or  cage  ascends.  This  is  known  as- 
hoisting  in  balance  or  counterbalance.  There  is  a  considerable  saving  in  power  in  hoisting  in 
balance.  To  hmst  tn  balance  it  is  necessary  to  take  ore  from  one  level  with  both  skips  unless  the 
Whiting  system  is  used.  When  a  round  rope  winds  off  [he  drum  it  makes  an  angle  with  the 
groove  in  the  sheave  on  the  head  frame  and  the  friction  increases  the  tenuon  in  the  cable  and 
also  reduces  its  life.  To  reduce  the  friction  and  wear  the  hoisting  engines  are  placed  at  a  con- 
tiderable  distance  back  from  the  head  frame. 

The  head  frame  may  be  placed  so  that  the  sheaves  are  parallel,  as  in  Figs.  I  to  4,  or  so  that 
the  sheaves  are  in  tandem,  as  in  Figs.  5  and  6.  With  the  latter  method  it  is  necessary  to  place 
the  hoisting  engine  farther  from  the  shaft  than  where  the  sheaves  are  in  parallel.  Where  the 
hoisting  engine  is  placed  well  back  from  the  shaft  it  becomes  necessary  to  support  the  hoisting 
rope  on  idlers,  as  shown  in  Fig.  6.  Where  mines  have  three  compartment  shafts,  ore  is  commonly 
hoisted  from  but  two  compartments,  the  third  compartment  being  used  for  pumps,  pipes,  etc 
This  arrangement  makes  it  necessary  to  place  the  head  sheaves  bo  that  they  will  not  be  sym- 
metrical with  the  center  line,  bringing  heavier  working  stresses  on  one  side  of  the  head  frame 
than  on  the  other  side. 

HoistLoK  from  Deep  Mines. — In  deep  mines  the  rope  in  the  mine  becomes  a  large  part  of 
the  load  and  various  methods  have  been  used  to  counterbalance  the  weight  of  the  rope.  Four 
methods  for  obviating  the  difliculty  just  mentioned  have  been  used:  (i)  the  Koepe  system; 
(j)  the  Whiting  system:  (3)  modificationsof  {1)  and  (a),  and  {4)  by  the  use  of  a  taper  rope.  These 
methods  are  described  in  the  author's  "The  Design  of  Mine  Structures." 

HOISTING  ROPES. — Round  hoisting  ropes  are  commonly  made  of  six  strands,  each  of 
»luch  is  formed  by  twisting  nineteen  wires  together,  the  strands  bei:%  wound  around  a  hemp 
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center.  Wire  strands  are  twisted  around  the  core  either  to  the  right  or  the  left,  and  the  remlti!>f 
rope  is  either  "right  lay"  or  "left  lay."  The  twist  may  be  long  or  short;  the  shorter  twist  fomui 
more  flexible  rope,  while  the  longer  twist  forms  a  moic  rigid  rope.  Wire  rope  is  made  of  iroi 
open-hearth  steel,  crucible  steel,  and  plough  steel.  The  strength  of  the  wire  from  which  On 
rope  is  made  is  about  as  follows:  iron  wire,  40,000  to  100,000  lb.  per  sq.  in.;  open-hearth  steti 
-wire,  50,000  to  130,000  lb.  per  sq.  in.;  crucible  steel  wire,  130,000  to  190,000  lb.  per  sq.  in.;  and 
plough  steel  wire,  190,000  to  350,000  )b.  per  sq.  in.  Hoisting  ropes  are  usually  made  of  cnidbk 
cast  steel  or  plough  steel. 

Flat  wire  rope  is  composed  of  several  round  ropes  whose  diameter  is  equal  to  the  required  | 
thiclcness  of  the  Bat  rope,  laid  side  by  side  and  sewed  t<^ther  with  iron  or  annealed  cast  steel  I 
wire.  The  round  ropes  arc  alternately  of  right  and  left  lay  or  twist,  have  four  strands  without 
either  hemp  or  wire  center.  The  number  of  wires  in  each  strand  b  usually  seven,  but  may  be  I 
nineteen.  The  chief  drawbacks  to  the  use  of  flat  wire  rope  are  its  first  cost  and  the  rapid  wear 
of  the  sewing  wires. 

Flat  ropes  and  reels  are  used  to  a  limited  extent  in  the  western  part  of  the  United  States,  while 
round  ropes  are  generally  used  in  hcnsting  coal  and  in  the  deep  copper  and  iron  mines  in  Michigan. 

Strength  of  Wire  Rope. — The  dimensions,  weight  and  strer^h  of  round  crucible  steel  hoisting 
rope  are  given  in  Table  I,  while  umilar  data  for  plough  steel  boistii^  rope  are  given  in  Table  H. 
The  strengths  of  wire  rope  given  by  the  different  makera  differ  somewhat. 

TABLE  I. 

Cast  Steel  Hoisting  Ropb.    Ultimate  Strength,  Working  Strength  and  Weight  of 

Wise  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires 

TO  THE  Strand. 


Diunetar 

Wfliht  [XT 

SsfeWoiUns 

SaleWoMat 

Minimum  ^s 

Cireumfccenct 

Load,  rol  Hobt 

ins    StTHB,  Lb. 

Stn«farl>r«t 

of  Drum  or 

Id. 

lBt.L,  Lb. 

Pun.  5.  Lb. 

2 

8 

11-95 

456,000 

76,000 

to 

2 

& 

i 

380.000 
J  12,000 

66,300 

52,000 

li 

6 

6.30 

248,000 

4', 300 

8 

II 

4.85 

.3 

192,000 

32,000 

71 

415 

■? 

i6S,ooo 

28,000 

1 

ll 

3-SS 

J! 

144,000 

a4.«o 

s! 

3.00 

1 

ii+,000 

20,700 

si 

2.4s 

■2 

100.000 

16,700 

s 

J) 

84,000 

14,000 

4) 

I 

1.58 

■4 

6S,ooo 

11,300 

4 

k 

aS 

1 

52,000 

38,800 

8,700 
6,300 

3l 

3 

0.62 

27,M» 

4,5«. 

1) 

■    ■ 

>i 

0.S0 

22,000 

3,700 

■i 

I) 

0.39 

t 

17,600 

1,900 

I) 

A 

1! 

0.30 

i3,6» 

2,300 

li 

ji 

10,000 

1.670 

I 

t 

0.1S 

CO 

6,800 

1,170 

1 

'i 

4,800 

800 

1 

Working  Load  oa  Holltlng  Rope. — The  stresses  in  a  hoisting  rope  arc  the  sum  of  the  stresses 
due  to  (i)  the  weight  of  the  rope,  (3)  the  friction  of  the  rope,  (3)  the  bending  of  the  rope  over  the 
head  sheave,  (4)  the  live  load,  and  (5)  the  impact  due  to  starting  and  stopping  the  load.  The 
stresses  due  to  bending  are  discussed  in  the  next  section.  The  stresses  due  to  impact  vary  from 
e  the  working  load  if  the  boistii^  cable  is  taut,  and  to  several  times  the  worldi^  load 
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TABLE  II. 
Plough  Stebl  Hoisntrc  Rors.    Ultiuatb  Stkbkcth,  WoRKiin;  Strength  and  Wbight  ov 

WiKE  ROFE  COUPOSBD  OF  6  STKANDS  AND  A  HEHF  CbnTEK,    I9  WlBSS 
TO  THE  STKAND. 


eoocla. 

Wdfht 
per  Ft.,  Lb. 

n™io«l. 

5,1J>. 

gr  Sheave.  Ft. 

Diameter.  Izi. 

SUBii,Lb. 

8 

11-95 

550,000 

91,700 

14 

9.85 

4S8,coo 

76,300 

i2i 

8.00 

ST'-ooo 

62,000 

6 

6.J0 

s 

180,000 

47.700 

"n 

li 

4.8s 

? 

324,000 

37,300 

4- IS 

1 

183.000 

31.300 

7J 

4) 

3-SS 

164.000 

27.300 

7 

4l 

3.00 

144.000 

24,000 

6i 

a-4S 

'a 

iT2,ooo 

19.300 

6 

3i 

94.000 

15,700 

5 

t 

1.S8 

-J 

76,000 

i»,7oo 

4) 

k 

58.000 

9,700 

4 

1% 

1 

46,000 

7,700 

J 

0.6a 

JI/JOO 

5,170 

A 

'i 

0.S0 

1 

24,600 

4,100 

a 

0-J9 

e 

10,000 

3,300 

1 

1  ■ 

0.30 

16,000 

2,700 

il 

is 

11,500 

1,900 

A 

0.IS 

7.&0 

1,270 

I) 

'j 

o.to 

S.joo 

890 

I 

TABLE  IIL 

Cast  Stbbl  Flat  Hoisting  Rope,    Ultimate  Stkbngth,  Working  Stress  and  Weight  <» 

Flat  Wirb  Rope  Coufosbd  of  4  Strands,  7  Wires  to  the  Strand. 


SBfcWorUna 

StnH,Lb. 

^l^,t1^. 

pa  Lb^  Foot. 

Thlcknai,  In. 

Hoi«>n,.L. 

«tFuU.5, 

'giit^S'' 

xsi 

J-90 

110,000 

18,300 

'.t 

xs 

34° 

100.000 

x«i 

X*. 

IS 

is:^ 

15.700 

\t 

Xj) 

2.50 

■^i 

76,000 

14,700 

«XJ 

».00 

60,000 

10,000 

u 

|X2l 

Ix. 

ji 

56.000 

9,300 

I.I9 

36,000 

X7 

S-90 

178,000 

19,700 

X6 

I ', 

xsl 

4.8» 

1^ 

144,000 

14,000 

4.17 

128,000 

21,300 

xti 

4.00 

IM,O00 

»o,ooo 

lA 

X4 

3.30 

100,000 

16,700 

1! 

X3l 

90,000 

15,000 

X] 

i.j8 

72,000 

11,000 

,n,Co()glc 


8«  STEEL  HEAD  FRAMES  AND  COAL  TIPPLES.  Chap.  X.    i 

if  the  cable  is  slack.  If  a  descending  cage  should  stick  and  tben  drop,  the  Btress  will  be  eqiul 
to  the  Idnetic  energy  developed  and  will  be  very  lai^.  The  load  due  to  starting  a  cage  suddenlj; 
from  the  bottom  of  a  shaft  inay  be  taken  as 

K~2W  +  R  +  P  (i;   I 

where  K  —  stress  in  lb.  at  the  sheave  at  the  instant  at  picking  up  the  load; 

W  ••  grass  load  in  lb. ; 

R  —  weight  of  rope  in  lb.; 

F  —  friction  in  lb.,  —  (W  +  J?)/,  where  /  =  coefficient  of  friction,  which  may  be  taken 

at  o.oi  to  O.03  for  vertical  shafts  and  from  o.03  to  0.04  for  inclined  shafts  with  the  rope  supptnted 

on  rollers.     The  working  load  should  not  be  greater  than  K  plus  the  stress  due  to  bending,  and 

should  not  exceed  lof  the  ultimate  strength  ofthe  rope,  or  t  of  the  ultimate  strength  (or  direct  puU. 

For  inclined  shafts  with  angle  of  inclination  with  horizontal  "  6,  the  stress  in  the  rope  due 

to  starting  the  cage  is 

K'  -  (aW  +  R)  ^n$  +fiW  +  R)  coBf 

Bending  Streflsaa  In  Wire  Rope. — The  stresses  due  to  bending  will  depend  upon  the  diameter 
of  the  rope,  the  make-up  of  the  rope,  the  angle  through  which  the  rope  is  bent,  and  the  diameter 
of  the  sheave.  The  unit  stress  due  to  bending  in  a  round  hoisting  rope  may  be  obtained  fron 
formula(3},theIormof  which  is  due  to  Rankine("  Machinery  and  Mill  Work,"  p.  533}. 

5-1,894,000^  C3) 

where  D  —  the  diameter  of  the  sheaves  in  inches,  and  d  —  the  diameter  of  the  rope  in  inches. 
The  area  of  the  steel  in  a  round  hoisting  rope  is  approximately  a  —  O.^d*,  and  the  total  bendii% 
stress  in  a  round  rope  will  be 

-St -S-fl- 757.600^  (4) 

Now  the  direct  breaking  strength  of  a  crucible  steel  round  rope  is  closely 

U  -  6o,oood'  (5) 

Where  bending  stress  is  considered,  the  safe  working  load  should  not  exceed  }  of  the  ultimate 
strength,  and  the  safe  working  load,  L,  should  not  exceed 

L  -  ao,oood«  -  757,600  -^  (6) 

The  safe  working  loads  for  crucible  steel  round  ropes  based  on  formula  (6)  are  given  in  Fig.  7.* 
For  plough  steel  ropes  the  ultimate  strength  is  ^  —  70,000d*,  and 

X  -  36.700*  -  757.600  ^  (60 

Mr.  William  Hewitt  in  "flfire  Rope,"  published  by  the  Trenton  Iron  Company,  gives  the 
followii^  formula  for  bending.f 

A S,^—  (7) 


*  Redrawn  from  a  diagram  prepared  by  Mr.  E.  T.  Sederbolm,  Chief  Engineer,  AlUs-Chalmers 
Company. 

t  Also  see  Engineering  News,  May  7,  1S96. 
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5ieeIfioisiinq  Ropta  with  six 
sb-eneh  oF nineteen  wires  each. 
hUilimik  stress  e0xih  direct 
dress  pks  bendinq  stress  or 
ee^ls  50,000  Ibs.persq.. ' 


i  bendinq  stress. 
Bendinq  stress  m  r<^  equals: 

^-1,894,000 

Safe  Working  Load inrope 
equoh: 

L=ZO,000d'~mMO^ 

d-diam.  oFrope  in  inches . 
D =diam.  oFc&um  in  inches. 


Fig.  7.    Safe  Workikg  Stresses,  L,  in  Crucible  Steel,  Round  Hi 


depending  upon  the  rope,  and  varie«  from  9.37  for  haulage  rope  to  37.S1  for  tiller  rope.     For 
standard  hoisting  rope,  C  —  15-45.    Substitutii^  £  —  39,000,000, 
a  ■  0.4  <P,  and  i'  -  — ,  we  have 


Since  i  is  very  small  as  compared  with  the  values  of  D  used  in  hoisting,  formulas  (4)  and  (8) 
give  practically  the  same  results. 
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The  bending  stresses  in  crucible  steel  flat  ropes  aic  given  in  Fig.  S. 
Ctges  uid  sups. — For  detaib  of  cages  and  sldpa,  see  the  author 
Structurea," 


Fbt  Steel  MoiUinqR(^!.F<Hjr 
strands  oF seven  wires  each. 
Malumlslrtss  equals  direct 
stress p/ta  hendinq  stressor 
equah  50,000  lbs  per  sq.in. 
mrf<ini}imil}treisequQh50,OQO 

Bending  stress  in  rope  e^va/s 

l4.Z00,000-d 

R 

d=diam.  of  each  r/ire  h  inches 

^.05575  for}  S. 06^5 for f rope. 

f  =  Raditis  of  hub  in  inches. 


36         4i        4B         S4        60        66 
Diameterof^ee/ Mubs  mhches 
Fig.  8,    Safe  Working  Stresses,  L,  in  Cruciblb  Steel,  Flat  Hoisting  Rope. 

Shftares  and  S*fe^  Hooks. — For  details  and  data  on  sbeaves,  safety  hooks,  etc.,  see  the 
author's  "The  Design  of  Mine  Structures," 

EXAMPLES  OF  STEEL  HEAD  FRAMES.— The  detail  plans  for  three  steel  head  frames 
taken  from  the  author's  "The  Design  of  Mine  Structures"  are  excellent  examples  of  steel  head 
frames.    Data  on  i6  steel  head  frames  are  given  in  Table  V. 
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Steel  Head  Frame  for  the  Diamond  Mine. — The  details  of  the  steel  head  frame  of  the 
>iamond  mine  are  shown  In  Fig.  9.  The  Diamond  head  frame  is  100  ft.  high  from  the  collar 
■t  the  shaft  to  the  center  of  the  sheaves.  The  shaft  is  3,800  ft  deep.  The  sheaves  are  10  ft. 
n  diameter  and  carry  a  7  in.  X  i  in.  flat  rope.  The  ore  is  hoisted  in  self-dumping  skips  with  a 
apacity  of  7  tons  and  weighing  3)  tons,  and  is  dumped  into  hoppers  from  which  it  is  nin  directly 
Dto  cars  which  pass  beneath  the  head  frame.     The  main  front  columns  and  back  braces  are 


Fig.  9.     Steel  Hsad  Frame  for  Diamond  Mike,  Bun.T  by  the  Gillette-Herzog  Mfg.  Co. 

made  of  built-up  sections  consistji^  of  one  cover  plate  ao  in.  X  A  i»-<  two  plates  18  in.  X  it  in., 
4  angles  3i  in.  X  3i  in.  X  1  in.,  with  lacing  bars  on  the  inner  mde  4  in.  X  I  in.  The  main  diagonal 
bracing  is  made  of  two  channels  laced.  The  total  weight  of  the  structural  steel  in  the  head  frame 
proper  was  393,000  lb.,  while  the  steel  work  in  the  bins  weighed  26.000  lb.  At  40  eta.  per  hour 
the  cost  of  shop  labor  on  the  structural  steel  was  1.09  cts.  per  lb.  The  cost  of  erection,  everything 
beipg  riveted,  was  fli.30  per  ton. 

Steel  Head  Frame  for  the  Hew  Leonard  Hine. — The  steel  head  frame  ^lown  in  Fig.  10  was 
built  by  the  American  Bridge  Company  for  the  New  Leonard  mine  of  the  Boston  &  Montana 
Copper  Company,  Butte,  Montana.    The  head  frame  is  of  the  A-type,  and  is  140  ft.  high  from 
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the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  mine  has  a  four  compartment  shaft,  tm  I 
of  the  compartments  bdng  used  for  hoisting  ore.  The  mine  is  now  1,697  ft.  deep,  but  the  bead 
frame  was  designed  for  an  ultimate  depth  of  3,500  ft.  The  ore  is  hoisted  in  five-ton  self-dumpicf  1 
skips  with  a  ungle  deck  cage  above  the  skip.  The  skips  weigh  7,500  lb.  each.  Four-deck  cags 
are  used  for  hdsting  men.  The  hoisting  rope  is  il  in.  in  diameter,  a  round  hoisting  rope  beiiii  I 
an  innovation  in  the  Butte  district.  The  rate  of  hoisting  is  a, 800  ft.  per  minute.  The  skip  orr 
bins  have  a  capacity  of  150  tons.  Prom  the  skip  ore  bins  the  ore  runs  into  railroad  ore  bins  (noi 
shown  in  Fig.  14),  36  ft.  9  in.  wide  by  150  ft.  long,  with  a  capacity  of  1,500  tons.  The  sheaves  are 
13  ft.  in  diameter,  and  are  placed  5  ft.  10  in.,  center  to  center. 

The  main  posts  are  made  of  two  channels  is  in.  ®  aoi  lb.,  with  a  cover  plate  ifi  in.  wide 
and  A  in.  and  I  in.  thick,  with  lacing  on  the  inner  side.  The  back  braces  for  the  lower  two  I 
panels  are  made  of  channels  13  in.  @  30  lb.,  with  a  plate  16  in.  X  |  in.;  the  third  section  is  made  | 
of  two  channels  13  in.  @  30  lb.,  with  a  plate  16  in.  X  A  in.,  while  the  two  upper  sections  air 
made  of  channels  13  in.  ®  20}  lb.,  laced  on  both  sides.  The  main  struts  and  diagonal  braces  aie 
made  of  two  channels,  with  battens  top  and  bottom.  The  skip  guides  are  made  of  two  channels 
13  in.  @  30)  lb.  The  main  girder  at  the  top  of  the  back  brace  consists  of  one  plate  36  in.  X  |  in.,  and 
four  angles  4in.X  4in.X|in.  The  skip  bins  are  supported  on  columns  made  of  two  channels 
10  in.  @  15  lb.,  laced  on  both  sides.  Where  two  channels  are  used  for  a  section,  the  flanges  are 
turned  out.  The  New  Leonard  head  frame  is  one  of  the  highest  in  the  country,  and  is  one  of  the 
best  designed  frames  that  has  been  constructed.  The  shipping  weight  of  the  structural  steel  ia 
this  head  frame  was  346,435  lb. 

Tonopah-Belmont  Stael  Head  Frame. — The  Belmont  shaft  of  the  Tonopah-Belmont  Mining  , 
Co.,  Tonopah,  Nevada,  is  at  present  1,430  ft.  deep.  It  has  three  compartments,  one  for  tbe  { 
ladder-way  and  pipes  and  two  for  hoisting.  Double-deck  cages  of  the  Lcadville  type  are  used  , 
for  hoisting,  but  the  use  of  skips  is  contemplated  later.  The  head  frame.  Fig.  11,  is  of  the  A-Cype, 
and  the  height  is  75  ft.  from  the  base  to  the  center  of  the  sheaves.  The  hoisting  drum  is  placed  1 
100  ft.  from  the  center  of  the  shaft. 

TABLE  IV.  I 

EsmiATB  OF  Wbight  of  75-ft.  Steel  Hbad  Fkaiie,  Tonopah- Belhomt  Mining  Co. 


U«DlW. 

W«l|ht  In  Lb. 

TotalWeUbt. 

DeteUtin 

Pit  Cut  of 

UalaUeobui. 

Msla  Members 

DeuU*. 

9,170 
3.S95 

1.790 
3,627 

1^1 

4.'SO 
3,790 
i,aSO 
3.583 

440 
i,ois 
3,179 

61J 
3,379 

414 

1i 

S.S1B 
3,330 
3.643 
S.443 
3.079 

43 

77 

35 

'4 
S 

6 

4S,oi6 

17.713 

63,738 

39-4 

The  sheave  wheels  are  of  the  bicycle  pattern  with  a  diameter  of  84  in.  at  the  center  of  the 
rope  groove,  and  an  over  all  diameter  of  91  in.  Each  wheel  has  16  spokes  of  li  in.  rolled  iron 
rods.  The  spokes  are  cast  at  their  inner  ends  into  two  rings  16  in.  in  diameter  and  3  in.  wide, 
so  that  they  form  integral  parts  of  the  hub,  which  is  13  in.  in  diameter  and  16  in.  long,  while  the 
outer  ends  are  cast  into  bosses  on  the  inside  of  the  ring.  The  rolled  steel  shafts  are  16  in.  in 
diameter  at  the  central  portion  with  bearir^  5  in.  in  diameter,  and  are  i3  in.  long.  The  rope 
grooves  are  turned  in  hard  maple  blocks  fastened  in  a  recess  in  the  rim.  The  total  weight  of 
the  sheaves  is  3,950  lb.  each. 


DigilizeoDV  Cookie 


,db,  Google 


850 


STEEa-  HEAD  FRAMES  AND  COAL  TIPPLES. 


Cur.X 


The  head  frame  ia  dea^ned  bo  as  to  give  a  (actor  of  safety  of  8  when  there  is  on  each  Bhean 
a  load  of  100,000  lb.  The  head  frame  is  sufiiciently  strong  and  rigid  to  permit  erf  hoisting  loaa 
of  7  tons  from  a  depth  of  3,000  ft.  at  a  speed  of  i.ooo  ft.  per  minute  without  appredabk  vibratio 
during  the  most  severe  period  of  startii^  and  acceleration. 


TABLE  V. 
<  Stbel  Head  Fxahxs. 


Sibley  Mme,  Ely,  Minn.. 


High  Ore,  Butte,  Mont.. 
DiamoDil,  Butte,  Moat.. 
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Speculator,  Butte,  Mont.. 
Baain  &  Bay  State,  Baain, 

Steward,  Butte,  Mont..  ■ . 

Auaconda,  Butte,  Mont.  , 

Quincy  Rock  Houie,  No. 

2,  Hancock,  Mich 


16  St.  Lawrence,  But tc.Mont, 
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97-0  lo-o  7Xi  Skipi    7floa  . 
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.  346,4^! 


63,« 

JS.S50 
4».«» 
4i,:i» 

79,0c. 

4S.W 
74.700 

o  839,000 


14,000  1,000  i,zoo]ii7,« 


The  head  frame  was  built  by  the  Koken  Iron  Works,  St.  Louis,  Mo.,  was  made  of  structural 
steel  furnished  under  standard  specllicatioDs,  and  was  fully  riveted  up  in  place  with  pneumatic 
hammers.    The  shipping  w«ght  of  the  structural  steel  was  63.000  lb. 

The  hoist  ia  placed  lOo  ft.  from  the  shaft,  and  is  a  Well man-Seaver- Morgan  double  diuB 
electric  hoist  with  drums  having  64  in.  diameter  and  a  face  36  in.  wide  between  flanges.  The 
hoist  ia  designed  to  operate  in  or  out  of  balance  and  is  capable  of  handling  a  load  of  I3,ooo  !b. 
at  a  speed  of  1.000  ft.  per  minute.  The  hoisting  rope  is  a  six  strand,  nineteen  wire,  plow-steel 
rope,  I  in.  in  diameter,  that  weighs  1.58  lb,  per  ft.,  and  each  rope  is  1,700  ft.  long.    The  diameter 
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of  the  drum  at  the  hoin  is  64  in.,  but  the  rope  winds  twice  around  the  drum,  so  that  the  diameter 
is  66  in.  near  the  end  of  the  lift.  With  proper  allowance  for  bending  stresses  the  woridng  streEeei 
under  the  most  severe  conditions  do  not  exceed  the  workiDg  load  of  7.6  tone  as  giveo  by  the  manu- 
facturers of  the  wire  rope. 

Estimate  of  Weight  of  a  Steel  Head  Frame.— A  summary  of  a  detailed  estimate  of  the  75  ft. 
steel  head  frame  built  by  the  American  Bridge  Company  at  Tonopah,  Nev.,  is  Igiven  in  Table  IV, 
ThedetailsaFe39.4percent  of  the  weight  of  the  main  members.  The  rivet  heads  are  4. 1  percent 
of  the  weight  of  the  structure. 

For  additional  examples  of  steel  head  frames,  see  the  author's  "The  Demgn  of  Mine  Struc- 

COAL  TIPPLES. — The  des^  of  a  coal  tipple  depends  upon  the  quality  of  the  coal,  upon 
whether  the  coal  is  hoisted  from  the  shaft  or  is  taken  from  a  drift  or  tunnel,  and  upon  the  work 
that  it  b  necessary  to  do  in  order  to  prepare  the  coal  for  the  market.  The  coal  tipple  for  a  bitumi- 
nous mine  in  which  the  coal  is  hoisted  from  a  shaft,  consists  of  a  head  frame  and  a  ^aker  structure 
or  tipple  proper  where  the  coal  is  weighed  and  screened.  A  coal  tipple  for  an  anthracite  mine 
ordinarily  couMsts  of  a  head  frame  with  storage  bins  into  which  the  coal  is  run  without  crushing 
or  screening:  the  coal  being  prepared  for  market  in  a  separate  breaker  building.  Where  bituminous 
coal  is  dirty  or  contains  a  large  amount  of  refuse  material  it  is  sometimes  cleaned  in  a  washei 
building,  or  is  broken,  sized  and  cleaned  in  a  coal  breaker. 

With  a  double  compartment  shaft  the  shaking  structure,  or  tipple  proper,  is  usually  placed 
with  its  axis  at  right  angles  to  the  center  line  of  the  two  compartments.  The  hoisting  rope* 
may  be  either  pjarallel  to  the  axis  of  the  tipple,  in  which  case  the  head  sheaves  are  parallel;  or 
may  be  placed  at  right  angles  to  the  axis  of  the  tipple,  in  which  case  the  sheaves  are  placed  in 
tandem.  The  coal  may  be  run  through  rotary  screens,  or  over  shaking  screens  as  is  now  the 
common  practice.  Shaking  screens  are  usually  divided  into  sections  and  are  driven  by  eccentrics 
placed  180  degrees  apart.  The  shaking  screens  do  not  ordinarily  weigh  more  than  two  to  three 
tons  empty  or  four  to  six  tons  when  loaded,  but  are  driven  with  a  velocity  of  loo  to  150  strokes 
per  minute,  with  a  length  of  stroke  of  from  4  to  13  in.  and  the  shaking  motion  makes  it  necessary 
to  design  the  shaker  structure  with  great  care  in  order  to  reduce  the  vibration.  The  best  modem 
practice  in  the  design  of  coal  tipples  is  to  make  the  head  frame  and  the  tipple,  or  shaker  structure, 
entirely  separate  and  independent  units. 

Sl^ng  CoaL — The  object  in  »zing  coal  is  to  separate  the  dirt  and  slack  from  the  coal,  and 
to  obt^n  a  product  that  can  be  burned  more  advantageously  tlian  unsized  coat.  A  compact 
coal  will  not  admit  the  air  and  will  bum  on  the  surface,  and  it  is  therefore  an  advantage  to  have 
the  lumps  of  approximately  equal  size.  The  sizes  and  names  of  the  different  grades  of  coal  differ 
considerably  in  different  localities. 

Trpes  of  Coal  I1pples.-^oal  tipples  may  be  classed  under  three  types,  dependii^  upon  the 
manner  in  which  the  coal  is  brought  to  the  tipple:  (i)  hoisting  in  cages  or  skips  from  vertical  or 
slightly  inclined  shafts;  (a)  cage  hoisting  on  an  incline  either  from  a  shaft,  or  on  a  bridge,  or  from  a 
tunnel;  {3)  conveyor  hoisting  either  from  the  mine  or  from  a  head  bin  into  which  the  coal  has 
been  dumped  from  cars  or  skips. 

The  design  and  operation  of  coal  tipples  will  be  illustrated  by  describing  three  steel  coal 
tipples,  (i)  Steel  Coal  Tipple  for  the  W.  P.  Rend  Coal  Company — vertical  htnsting  with  self 
dumping  cages  and  shaking  screens;  (2)  Spring  Valley  No.  5  Steel  Coal  Tipple — ^vertical  hoisting 
in  cages,  with  Ramsey  transfer  and  shaking  screens;  and  (3)  Phillip's  Coal  Tipple — vertical 
hoisting  with  self  dumping  cages  dumping  into  a  storage  bin. 

Steel  Coal  Upplo  for  W.  P.  Rend  Coal  Company.— The  steel  coal  tipple  for  the  W.  P.  Rend 
Coal  Company,  Rendville,  111,,  has  the  head  frame  coveritw  four  tracks,  with  proviMon  for  four 
extra  tracks  on  the  opposite  side  of  the  center  line  of  the  head  frame.  The  steel  head  frame  is 
79  ft.  6  in.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  sheaves  are  8  ft.  in 
diameter  and  carry  a  i|  in.  hmsting  cable. 
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EXAMPLES  OF  STEEL  COAL  TIPPLES.  S66 

Operaticn  of  Coal  Tipple. — Detail  plans  o(  the  ahaldiig  screens  and  tipple  equipment  are 
ihown  in  Fig.  13.  The  coal  is  raised  from  the  mine  in  self  dumping  cages  and  is  dumped  into' two 
veigh  hoppers  having  a  capacity  of  four  tons  each.  From  the  weigh  hoppers  the  coal  passes 
through  a  dump  chute,  and  may  be  run  directly  into  cars  on  the  track  or  may  be  run  over  shalcing 
icreens.  The  first  section  of  the  shaking  screens  is  39  ft.  9  in.  long,  the  top  deck,  having  a  length 
il  16  ft.,  has  )  in.  round  perforations;  the  middle,  having  a  length  of  18  ft.,  has  2  in.  round  perfora- 
tions, the  bottom  plate  being  solid.  The  upper  deck  of  screens  sloping  toward  the  head  frame 
lias  perforations  3i  in.  to  a  in.  round;  the  second  deck  has  perforations  i\  in.  to  3  in.  round;  the 
third  plate  deck  has  perforations  \  in.  round,  the  bottom  deck  being  solid.  The  coal  passing 
ovfr  the  3  in.  and  3}  in.  round  perforations  of  the  main  screen  may  be  run  back  over  the  shaking 
screens  just  described,  or  may  be  run  over  the  second  shaking  screen  27  ft.  4  in.  long  and  S  ft.  wide. 
This  shaking  screen  has  a  length  of  8  ft.  with  perforations  6  in.  in  diameter.  By  making  different 
combinations  of  the  screens  different  grades  of  coa!  can  be  obtained,  as  is  shown  in  Fig.  13.  The 
shaking  screens  are  carried  on  rollers  12  in.  in  diameter,  which  are  operated  by  eccentric  connecting 
rods  with  a  12  in.  stroke.  These  rollers  give  the  shaking  screens  a  motion  in  two  directions  and 
give  much  more  satisfactory  results  than  the  earlier  method  of  suspending  the  shaking  screens 
from  overhead  supports.     The  capacity  of  the  tipple  is  2,500  tons  in  eight  hours. 

Tlie  tipple  was  designed  and  constructed  by  the  Wisconsin  Bridge  &  Iron  Company,  and 
the  tif^le  equipment  was  furnished  by  the  Link-Belt  Company. 

Steel  Coal  Tipple  at  Spring  Valley  Shaft  No.  5. — The  steel  coal  tipple  constructed  at  Spring 
Valley  shaft  No.  5,  Spring  Valley,  Illinois,  is  one  of  the  best  examples  of  steel  tipple  construction 
[or  bituminous  mines.  The  steel  tipple  building  is  187  ft.  long,  36  ft.  wide  and  35  ft.  from  the 
track  level  to  the  level  part  of  the  main  tipple  floor.  The  steel  head  frame  is  75  ft.  and  85  ft, 
6  in.  from  the  track  level  to  the  centers  of  the  leaves,  respectively.     The  sheaves  are  10  ft,  in 
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Fig.  14.    Stekl  Head  Fkahb,  Spking  Valley  Coal  Tipm-e,  Shaft  No.  5.        '  '  ' 
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are  placed  tandem  with  the  hoistii^  rope,  and  at  right  angles  to  the  axis  of  lit 
main  tipple  building.  The  hoisting  rope  ia  crucible  «eel  1 1  in.  in  diameter.  The  steel  tip(B  ' 
building  and  head  frame  are  covered  with  No.  iS  galvanized  corrugated  Bteel  carried  on  stel 
purlins.  Detail  plana  of  the  tipple  structure  are  given  in  F^.  13  and  of  the  bead  frame  in  Fig.  n 
The  head  frame  and  tipple  building  are  fully  braced  and  make  a  very  rigid  structure.  The  mas  I 
track  floor  of  the  tipple  is  level  over  the  first  five  panels  on  the  left  of  the  structure,  the  rtmainda 
of  the  Boor  having  a  pitch  of  4  in.  in  17  ft.  The  tipple  floor  is  covered  with  4  in.  planking  spikd 
to  4  in.  nailing  strips  which  are  carried  on  I-beam  joists.  The  weight  of  the  structural  stetl 
including  the  corrugated  steel  but  not  including  tipple  equipment,  was  415,530  lb. 


^^^^^*tt^fc 


^^E^ 


Fig.  15.     Plan  of  Tipple  Traces,  Spring  Vallby  No.  5  Coal  Tipple. 

Operation  of  Tipple. — The  detail  track  plan  is  shown  in  Fig.  15;  the  operation  of  the  Ramstr 
transfer  is  shown  in  Fig.  16,  and  the  arrangement  of  the  shaking  bar  screens  is  shown  ia  Fig.  !;. 
Two  coal  cars  containing  li  tons  each  are  hoisted  on  the  shaft  cage.  The  loaded  cars  are  pusbtJ 
off  the  cage  and  two  empty  cars  are  pushed  on  the  cage  by  means  of  a  steam  pusher,  as  shown  13 
Fig.  16.  From  the  cage  platform  the  loaded  cars  run  by  gravity  on  a  i)  per  cent  grade  to  ibr 
'dumps,  where  the  coal  is  dumped  by  Phillips  automatic  tipples  or  dumps.  After  dumping,  the 
<ars  pass  to  the  right  by  gravity  on  the  10  per  cent  descending  grade  and  are  stopped  by  a  2  per 
cent  ascending  grade  and  a  short  piece  of  track.  The  cars  then  return  by  gravity,  and  may  eitbrr ' 
be  switched  to  the  outside  tracks  or  run  back  on  the  transfer  tracks.  The  empty  cars  are  run  on 
the  platform  of  the  Ramsey  transfer  and  are  raised  by  a  steam  cylinder  a  height  of  4  ft.  7  in.  ta 
the  level  of  the  floor  of  the  shaft  cage,  and  are  ready  to  be  shoved  on  the  cage  by  the  steam  pushei. 

The  coal  is  dumped  by  the  Phillips  tipple  dumps  into  one  of  two  weigh  hoppers  5  ft.  wide. 
as  shown  in  Fig.  17.  After  the  coal  is  weighed  it  runs  out  of  the  weigh  hopper  on  a  converging 
chute  having  a  slope  of  30  degrees  with  the  horizontal.  From  the  converging  chute  the  coal 
runs  over  shaking  bar  screens  6  ft.  6  in.  wide,  the  bars  being  placed  {  in.  apart.  The  fine  coal 
passing  through  this  screen  runs  over  a  j  in.  shaking  bar  screen  and  is  chuted  ii  ~~ 


From  the  J  in.  shaking 
er  a  bar  screen  5  ft.  6  in.  widi 
to  cars.  It  will  be  noted  that 
:r  the  5  in.  screen;  coal  passing 
screen  and  retained  on  a  |  in. 


slack  [>asdng  through  the  j  in.  bar  screen  is  run  directly  into  the  c 
bar  screen  the  lump  coal  passes  through  a  converging  chute  and  o 
with  the  bars  spaced  5  in.  apart,  from  which  the  lump  coal  is  run  i 
five  grades  of  coal  are  obtained:  mine  run  coal;  lump  coal  passing  o^ 
the  5  in.  screen  and  retained  on  a  {in.  scrceni  nut  coal  passing  a  I  ii 
screen,  and  slack. 

The  capacity  of  the  coal  tipple  is  from  1,800  to  I, 
by  Mr.  W.  Morava,  Consulting  Engineer,  Chicago,  I 
Company  in  1900. 

.  Steel  Coal  Tipple  for  the  Phillips  Mine.— The  steel  coal  tipple  at  the  Phillips  mine  of  the 
H.  C.  Frick  Coke  Company  is  an  exccltcntexamplcof  a  modern  coal  tipple  for  handling  bituminous 
coal.     Detail  plans  of  the  coal  tipple  are  shown  in  Fig.  18.    The  steel  head  frame  is  of  the  4-post 


000  tons  per  day.     The  tipple  w 

111.,  and  was  built  by  the  American  Bridgel 
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type,  and  is  107  ft.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  Tlie  main  tower  ol 
the  head  frame  has  six  posts  made  of  4  Z's  3  in.  XaHin-  X  |  in.  with  one  i^te  6  in.  X  |  in.  The 
bade  braces  conrist  of  three  columns  having  the  same  section  as  the  main  posts.  The  bead  framt 
is  fully  cross-braced  with  angle  struts,  as  shown  in  Pig.  23.  The  batter  of  the  main  tower  columns 
is  I  in.  in  13  in.,  while  the  back  brace  makes  an  ang^e  of  30  degrees  with  the  vertical.  The  sheaves 
are  10  ft.  in  diameter  and  are  supported  on  I-beams,  resting  at  the  end  nearest  the  engine  house 
on  a  built-up  frame  of  angles  and  plates  carried  on  two  15  in.  I-beams,  so  as  to  make  the  necessary 
clearance  for  the  sheaves.  The  roof  trusses  above  the  sheaves  carry  two  I-beams,  on  tiie  lower 
flai^es  of  which  are  trolleys  arranged  for  the  attachment  of  chain  blocks  for  placing  and  re- 
placing the  sheaves.  The  shipping  weight  of  structural  steel,  including  the  corrugated  steel,  was 
569,500  lb, 

TABLE  VI. 
Data  on  Steel  Coal  Tipples. 


\U 


ll 


Philsdelphia  &  Resd- 

ing,  Gilberton 

Csniiff  No.  2,  Cardiff, 


40,000  work- 
ing load  each 
compsrtment 


Alberta  Railway  &  Ir- 
rigation Co.,  Leth- 
bridge,  Alta 

Rend  Tipple,  Rend- 
ville,  IlL 


Gebo  Tipple,  Montana 


180,000 
415.530 


(Head 

<  Frame  too,ooo 

[Shaker  56,000 

(155,400  Stnjo 
tural  steel 
I  £,800    Corru- 
gated steel 
1171,100  Struc- 
tural atecl 
3i,]00    Corru- 
gated itecl 
i  117,100  Struc- 
tural steel 
10,300    Corru- 
gated steel 


The  coal  is  hoisted  in  self-dumping  cages  which  dump  the  coal  into  distributing  chutes,  in 
which  it  runs  by  gravity  to  the  bins  having  a  capacity  of  800  tons.  The  coal,  being  all  used  for 
making  coke,  is  not  screened  or  weighed. 

The  storage  bins  are  built  with  a  steel  framework  and  are  lined  with  }  in.  buckle  plates  on 
the  sides,  and  have  a  |  in.  plate  floor.  The  sides  are  supported  by  the  15  in.  I-beams  @  43  lb., 
spaced  3  ft.  5i  in.  center  to  center.  The  inclined  bottom  framing  consists  of  girders  having  48 
in.  X  j  in.  web  plates  and  flanges  composed  of  two  angles  6  in.  X  6  in.  X  A  in.,  and  are  tied  together 
with  ties  confdsting  of  two  armies  S  in.  X  8  in.  X  }  in.  and  one  plate  1 7  in.  X  )  in.  at  the  bottom, 
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and  IS  in.  I-beanu  @  43  lb.  at  the  top,  the  girdera  being  spaced  3  ft.  5}  in.  center  to  center.  The 
main  dde  girden  ai«  composed  of  two  I-beama  15  in.  @  49  lb.,  and  one  channel  15  in.  @  33  lb. 
The  I  in.  plate  floor  ie  carried  on  la  in.  I-beama  spaced  about  I  ft.  6  in.  centers.  The  steel  plate 
floor  is  placed  at  a  slope  of  8  in.  in  13  in.,  and  it  is  stated  that  95  per  cent  of  the  coal  can  be  with- 
drawn from  the  bin.  The  bins  discharge  through  vertical  gates  in  the  sides  into  motor-driven 
lanies,  which  run  to  the  coke  ovens.    The  vertical  gates  are  raised  by  lack  and  pinion  and  chain 

Data  on  ten  steel  coal  tipples  are  given  in  Table  VI.    For  additional  examples  and  data  on 
steel  coal  tipples,  see  the  author's  "The  Dengn  of  Mine  Structures." 
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GENERAL  DESCRIPTION. 

198.  Tnos  el  Stnetax*. — The  structure  eball  be  of  a  type  that  will  give  maximum  rigidity 
and  strenetn.  The  structure  shall  be  of  a  type  in  which  the  stresses  can  Be  calculated  either  by 
statics  or  Dy  taldng  into  account  the  deformations  of  the  members. 

199.  Braciii^.— All  bracing  shall  be  stiff,  and  shall  be  riveted  tc^ther  at  all  intersections  to 
give  maximum  ngidity. 

200.  Proposals.— -Contiactors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures,  giving  sizes  of  material,  and  such  detail  plans  as  will 
cleariy  snow  the  dimenaions  of  the  parts,  modes  of  construction  and  sectional  areas. 

201.  Detafl  Plana. — The  successful  contractor  shall  furnish  all  working  drawings  required 
by  the  engineer  free  of  cost.  Working  drawings  will,  as  far  as  possible,  be  made  on  standard 
dze  sheets  a4  in.  X  36  in.  out  to  out,  aa  in.  X  34  in.  inside  the  inner  border  lines. 

303.  Ai^roral  (H  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 


drawings  are  approved  in  writing  by  the  engineer.     The  contractor  shall  be  responsible  for 

■ions  and  details  on  the  working  plans,  and  the  approval  of  the  detail  plans  by  the  engineer  will 

not  relieve  the  contractor  of  this  responsibility. 

303_.  The  structures  shall  be  designed  to  carry  the  following  loads  without  exceeding  the 
permissible  unit  stresses. 

304.  Dead  Loads. — The  dead  loads  shall  connst  of  the  weight  of  the  head  sheaves,  sheaves, 
blocks  and  ^ders,  the  weight  of  the  structure,  and  all  <x>ncentrated  machinery  and  equipment 

205.  WoAiog  Loads. — The  worldng  loads  on  head  frames  for  vertical  shafts  shall  be  taken 

"^  °  K-2W+R  +  (W  +  S)f  (J) 

where  K  =  the  working  stress  in  lb.  at  the  head  ^eave  at  the  instant  of  picldi^  ui>  the  load; 
H"  =  the  gross  load  of  the  cage  or  skip  and  the  load  of  ore  or  coal  in  lb.;  R  -  the  weifjht  of  the 
rope  from  the  head  sheaves  to  the  bottom  of  the  shaft  in  lb.;  and/  ■■  coefficient  of  friction  of  the 
rope,  skip  and  sheaves,  which  may  be  taken  at  o.oi  to  0.03  for  vertical  shafts  and  0.03  to  0.04  for 
inclined  shafts  with  ropes  supported  on  rollers, 

306.  For  inclined  shafts  the  working  load  shall  be  taken  as 

K'  -  (3W+  R)  ^a0+f(W+R)coBe  (3) 

where  9  —  the  angle  of  inclination  of  the  shaft  with  the  horizontal. 

*  From  Specifications  for  Steel  Mine  Structures  as  printed  in  the  author's  "The  Design  of 
Mine  Structures."     Part  I  is  "  Specifications  for  Steel  Frame  Buildings"  as  printed  in  Ciiapter  1, 
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307.  BrsaUax  Load. — The  head  frame  shall  be  demgned  for  a  load  in  one  or  all  of  the  hoistici 
ropes  equal  to  the  breakit^  Btreas  of  the  hoisting  rope  as  given  in  the  manufacturer's  catalog. 

308.  Uachineiy  Lo«d>. — The  stresBeB  due  to  machinery,  crushers,  tipple  equipment,  etc 
shall  be  conmdered  the  same  as  the  stresses  due  the  worlcing  or  live  load, 

loa.  Wind  Loads. — Where  the  head  frame  or  tipple  is  enclosed  the  wind  load  shall  be  assumed 
as  30  lb.  per  iq.  ft.  of  exposed  surface  acting  horizontally.  Where  the  framework  is  open  tb 
wind  load  shall  be  taken  as  50  lb.  per  sq.  ft.  acting  on  the  projection  of  the  members  of  the  head 
frame  or  tipple.  In  calculating  the  stresses  due  to  wind,  the  wind  loads  may  be  assumed  u 
applied  at  tne  joints  of  the  structure.  Where  one  side  of  the  structure  is  open  bo  that  a  deep  cii| 
or  pocket  is  formed  the  wind  load  shall  be  taken  as  not  less  than  60  lb.  per  sq.  ft.  on  the  projectioi 
of  the  cup- like  surface. 

310.  Snow  Loads. — Snow  loads  shall  be  taken  the  same  as  for  steel  frame  buildings. 

Allowable  Unit  Stsbssbs. 

311.  Steel  head  frames,  coal  tipples,  coal  waahera  and  breakers,  and  smUar  structures  sb^ 
be  designed  for  the  following  allowable  stresses.  1 

213.  Dead  toad  Stresses.— The  allowable  unit  stresses  for  dead  loads  shall  be  the  same  « 
lor  steel  frame  buildings  given  in  "Specifications  for  Steel  Frame  Buildings."  Snow  loads  slul 
be  considered  as  dead  loads. 

313.  Woitin|;  Load  Stresaea, — ^The  allowable  unit  stresses  (or  working  loads  shall  be  one-hsK 
the  allowable  umt  stresses  for  dead  load  stresses  as  given  in  "Spedfirations  for  Steel  Frams 


>i4.  Bins. — ^Bins  shall  be  designed  for  two  thirds  the  allowable  unit  stresses  for  dead  load 
stresses  as  given  in  "Specifications  for  Steel  Frame  Buildings." 

315.  BreiAing  Load  Stresses. — The  allowable  unit  stresaes  for  the  maximum  stresses  due 
to  breaking  one  or  all  the  hoisting  ropes  shall  be  equal  to  the  allowable  unit  stresses  for  dead  loa<J 
stresses,  plus  50  per  cent,  equal  to  three  times  the  allowable  unit  stresses  for  working  loads.  The 
breaking  loads  and  workii^  loads  for  any  shaft  compartment  or  machine  need  not  be  assumnl 
as  acting  together. 

3i6.  Machinery  Load  Stresses. — The  allowable  unit  stresses  for  the  maximum  stresses  due 
to  machinery  and  moving  loads  shall  be  the  same  as  the  allowable  unit  stresses  for  working  loads, 
equal  to  one  half  the  allowable  unit  stresses  for  dead  load  stresses. 

ZI7.  Wind  Load  Stresses.— The  allowable  unit  stresses  when  the  wind  load  stress  is  com-] 
bined  with  the  dead  load- stress  plus  twice  the  working  load  and  machinery  load  stresses  shall  not 
exceed  the  allowable  unit  stresses  for  dead  loads  by  more  than  35  per  cent.  If  the  sum  of  thii 
wind  load  unit  stress,  the  dead  load  unit  stress,  and  twice  the  working  load  and  machinery  load 
unit  stresses  exceed  the  allowable  unit  stress  for  dead  loads  by  more  than  25  per  cent  the  area  ofi 
the  section  shall  be  increased  to  reduce  the  actual  stresses  to  within  the  prescribed  limit.  Wind 
load  stresses  need  not  be  combined  with  breaking  load  stresses. 

3)B.  Reversal  of  Stress. — Members  subject  to  a  reversal  of  stress  due  to  a  combination  of 
dead  load  stresses  and  working  load  stresaes  shall  be  deugned  to  take  both  tension  and  com- 
pression, each  stress  being  increased  by  one  half  the  smaller  of  the  two  stresses.  Members  subject 
to  a  reversal  of  stress  due  to  wind  stress  combined  with  dead  load  stresses  and  working  load 
stresses,  or  breaking  load  stresses  combined  with  dead  load  stresses  shall  be  dedgned  to  carry 
both  si 


EQtnPHBNT. 

319.  Skips  and  Cages. — Skips  and  cages  shall  be  made  of  structural  steel,  as  shown  on  the 
detail  drawings.  They  shall  be  provided  with  guide  shoes  and  safety  devices.  For  inclined 
shafts  the  wheels  shall  have  phosphor  bronze  bushings, 

330.  Safety  Detocldng  Hooka. — Al!  skips  and  cages  shall  be  provided  with  elective  detachti^ 
hooks.  The  case  shall  be  designed  to  take  the  stress  due  to  a  loaded  cage  or  skip  dropping  a 
vertical  distance  of  two  feet. 

331.  Kn  Gates. — Unless  otherwise  specified  all  bin  gates  shall  be  of  the  undercut  type. 
All  gates  shall  be  equipped  with  operating  mechanism  so  that  they  can  be  opened  in  service  by 

333.  Screens. — Fixed  screens  shall  be  made  of  bars  as  shown  on  the  drawings  and  shall  be 
supported  so  that  the  bars  will  not  be  permanently  deflected  under  the  load.  Ine  screen  bars 
shall  be  placed  at  an  angle  so  that  they  wilt  screen  the  ore  or  coal  without  choldng  up. 

333.  Shaking  screens  shall  be  carried  on  rollers  and  be  driven  by  eccentric  connecting  bars. 
They  shall  be  placed  at  proper  slopes,  and  shall  be  provided  with  all  necessary  gates.  Unless 
otherwise  specified  the  screens  shall  be  made  of  structural  steel, 

334,  Rotary  screens  shall  be  made  of  structural  and  machinery  steel,  and  shall  perform  the 
work  required  by  the  specifications. 
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335.  Coal  T^ifdea  or  DnmH. — Coal  tipples  or  dumps  shall  be  provided  as  shown  on  the  detail 
laos  or  called  for  in  the  spedficatioos. 

226.  DumFinf  Donees. — Where  self-dumping  sidps  or  cages  are  used  an  efficient  and  satis- 
ictory  dumpily  device  shall  be  provided. 

237.  Head  Sho«V«S. — ^The  head  sheaves  shall  be  substantial  with  the  top  flanges  turned 
nooth  and  true  to  receive  the  hoisting  rope.  The  sheave  wheel  shaft  shall  be  of  the  best  grade 
:  machiuery  steel  of  ample  streo^h,  carefully  and  truly  made.  The  sheave  boxes  ahall  belined 
ith  the  best  quality  of  anti-friction  metal  and  shall  be  adjustable  to  take  up  the  wear.     Unless 


Details  of  Construction. 

329.  Unless  otherwise  provided  for  the  details  of  construction  are  to  be  the  same  as  for 
sel  frame  buildings. 

230.  Dedgn. — In  designing  head  frames,  coal  tipples,  coal  washers  and  breakers  and  similar 
Tuctures  care  ahall  be  used  to  strongly  brace  the  different  parts  of  the  structure  in  order  that  it 
lay  be  rigid.  Preference  shall  be  given  to  tifpes  of  structures  that  are  statically  determinate. 
IThere  4-post  head  frames  and  other  statically  indeterminate  structures  are  used  the  stresses  shall 
e  calculated  by  taking  account  of  the  deformation  and  distortions  of  the  members.*  All  bracing 
I  to  be  made  (h  stiff  members;  the  use  of  rods  or  bars  will  not  be  permitted,  except  for  sag  rods 
nd  anchors.  It  is  very  important  that  head  frames,  coal  tipples,  coal  washers  and  breakers  and 
milar  structures  be  made  very  rigid. 

331.  lengths  of  CompresBion  Hembera. — The  length  of  compression  members  in  head 
ames  and  shaker  structures  shall  not  exceed  100  times  the  least  radius  of  gyration  for  main 
lembers  nor  140  times  the  least  radius  of  gyration  for  secondary  bracing. 

333.  Lengms  of  Tension  Hombors.— -The  length  of  tension  memb«rs  in  head  frames  shall 
ot  exceed  150  times  the  least  radius  of  gvration  for  main  members,  nor  aoo  times  the  least  radius 
F  gyration  for  secondary  bracing.  The  length  of  a  tension  member  is  to  be  taken  as  the  distance 
enter  to  center  of  end  connections. 

333.  SpliCM. — All  splices  in  main  member*  shall  be  designed  to  carry  the  full  strength  of 
lie  member. 

'The  rivet  boles  for  all  field  splices  shall  be  punched  to  a  diameter  ^  in.  li 


ban  the  fimshed  hole  and  shall  be  reamed  to  the  required  sise  with  the  members  bolted  in  [ilace 
Pith  an  iron  templet.  All  metal  more  than  I  in.  thiclc  shall  be  punched  and  reamed,  or  be  drilled 
om  the  solid. 

235.  Wniimun  ThicknoBS  of  Metal. — The  minimum  thickness  of  metal  in  plates  and  sections 
btall  be  A  in-,  except  for  fillers. 

336.  Erection. — All  field  connections  shall  be  riveted.  Before  the  riveting  is  begun  all  field 
—  shall  be  fully  drawn  up  with  field  bolts,  in  not  less  than  one-halfthe  holes  of  each 


33S.  Palntinff.— All  steel  work  shall  receive  one  coat  of  satisfactory  graphite  or  carbon  paint 
t  the  shop.  Bdorc  erecting  all  abraded  spots  shall  be  touched  up,  ana  all  rivet  heads  shall  be 
ainted  as  soon  as  accepted  by  the  inspector.  After  the  erection  is  complete  all  structural  steel 
rork  shall  be  given  two  coats  of  satisfactory  graphite  or  carbon  paint.  The  three  coats  of  paint 
hall  be  of  different  colors. 

RETBRBITCES. — For  additional  data  for  the  design  of  head  frames,  rock  houses,  coal  tipples 
ind  other  mine  structures,  and  for  numerous  examples  of  structures,  see  the  author's  The 
^ign  of  Mine  Structures."  This  book  gives  the  calculation  of  stresses  in  head  frames,  and  also 
[ives  a  full  discussion  of  the  details  of  design  of  mine  structures,  including  specifications,  methods 
'  ■ '      and  costs. 


*  For  the  calculation  of  the  stresses  in  mine  structures,  see  the  author's  "The  Des^n  of  Mine 
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CHAPTER  XI. 
Steel  Stand-Pipes  and  Elevated  Tanks  on  Towers. 

DATA    FOS    DESIGN. — The  following  data  will  be  of  aEaistaoce  in  the  design  of  steel 
ttand-pipea  and  elevated  tanki  on  towers.     For  definitions  of  stand-pipes  and  elevated  toirers 
on  tanks,  see  the  apecificationa  in  the  latter  part  of  this  chapter. 
Rotation:^ 

h  =  distance  in  ft.  of  any  point  below  the  top  of  the  stand-pipe  or  elevated  tank; 
d  "  diameter  of  the  stand-pipe  or  elevated  tank  in  feet; 
r  "  radius  of  the  stand-pipe  or  elevated  tank  in  feet; 
t  *•  thickness  of  the  shell  in  inches  at  any  given  point; 
p  —  hydroetatk  pressure  in  lb.  per  sq.  in.  at  any  point  —  0.434A; 
S  =  stress  per  vertical  lineal  inch  of  stand-pipe; 
s  —  unit  stress  in  lb.  per  sq.  in.  in  vertical  section  of  stand-pipe; 
S"  ^  stress  per  horizontal  lineal  inch  of  stand-pipe; 
s"  —  unit  stress  in  lb.  per  sq.  in.  in  horizontal  section  of  stand-[Mpe; 
S"  =  stress  per  lineal  inch  along  a  circumferential  line,  due  to  wind; 
t"  —  unit  stress  in  lb.  per  sq.  in.  in  circumferential  line,  due  to  wind. 
Fonntdu  for  StreMM  In  Stand-Plpes. — The  stress  per  lineal  vertical  inch  of  stand-pipe  is 

'-ifd  "■<*■'  (■' 

The  stress  per  sq.  in.  is 

i-2.6A-d/i  (a) 

The  stress  per  horizontal  lineal  inch  of  stand-pipe  due  to  the  wdght  of  Btand-[npe  W,  is 

5'  -  H'/(i3T-d)  -  a.oi6Wld  (3) 

The  stress  per  sq.  in.  is 

/  =  o.02f.WI{d-l)  (4) 

For  ordinary  conditions  the  wind  pressure  is  taken  at  30  lb.  per  sq.  ft.  acting  on  two-thirds 
c'  the  surface,  or  30  lb.  per  sq.  ft.  on  the  entire  surface;  while  for  expoDed  positions  the  wind  pressure 
may  need  to  be  taken  as  high  as  45  !b,  per  sq.  ft.  acting  on  two-thirds  of  the  surface,  or  30  lb. 
per  sq.  ft.  on  the  entire  surface.  Recent  Prussian  specifications  require  that  circular  chimneys 
be  designed  for  two-thirds  of  35  lb.  per  sq.  ft.  At  30  lb,  per  sq.  ft.  acting  on  two-thirds  of  the 
•uiface  (30  lb.  per  sq.  ft.)  the  bending  moment  at  any  distance  h  bdow  the  top,  due  to  wind  is 

M  -  20  X  d-*  X  *  X  12/2  -  i20<iA'  (5) 

vheie  fi  is  in  in.-Ib- 

The  stress  in  the  extreme  fiber  of  the  shell  is 

/'  -  M-yll  (6) 

Nowy  -  i2r,  /  -  J»Cri*  —  rj')  —  t-wt*  (approx.— r  is  in  ft.*  and  <  in  in.)  —(•»■•»*■  la*  (in  in.*). 
Substitutir^  y  and  /  in  (6) 

.,      i3od-A'-fi2 
(■x-r»-i2' 


-  i.o6iV((<0  ^  ,        <7) 
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The  HtrcBS  per  lineal  inch  will  be 


If  the  allowable  Btress  in  the  net  section  of  the  plate  i«  I3,ooo  lb.  per  sq.  in.,  and  e  —  eSidencT 
of  joint,  then  from  (a) 

i  -  3.6Aii/(i2,ooo  X«)  (9 

where  valueu  of  e  for  different  conditions  are  given  in  Table  Ila. 

Foimnlaa  for  StresBea  in  Elsrated  Steel  Tuila. — ^The  Btreae  per  lineal  vertical  inch  of  platt 
is  the  same  as  in  stand-pipes 

5  =  a.6A-d  (1 

and  the  unit  stress  in  vertical  jointe  is 

s  -3.6h-d/t  (3- 

Strestea  on  Kadial  Joiats. — Spherical  Bottoms. — In  a  hemispherical  bottom  the  radial 
stress  per  sq.  in.,  Ti,  will  be  one-half  the  stresses  in  a  cylinder  of  the  Kune  radius  and  the  same 
internal  pressure. 

Ti  -  a.6A-d/(«)  -  a.6h-fll  (lo 

In  a  segmental  bottom  (6)  F^.  i,  the  stress  Ti  will  be 


___^ ^  W-csc'g 

■"     ~2   X  I2x-i-(  '  24T-ri-t 

Now  W  -  ea-sftir-fr*  -  &.sA-»-ri'Mn'fl,  and 

which  reduces  to  equation  (lo)  for  a  hemispherical  bottom  when  fi  —  f, 


U r- • 


d)  Ohical  Bottom 


^ws 


SI  5E6MCHTAL  BOTTOM 
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StTAMM  on  Radial  Jointa.  Confesl  Bottoms.— In  a  conical  bottom  the  streas  per  sq.  in. 
7i"  will  be  from  (o)  Fig.  i, 

W  -  6a.5A-»-r,', 

-  2.6A-fi-cacfl/(  (15) 

StrcMOS  oa  Qrenmferantia]  Jdnts.  Conical  Bottonu. — In  (a)  Fig.  i,  pass  two  horiiontat 
planes  through  the  cone  so  that  the  intercept  along  the  cone  will  be  a  unit  in  length.  The  tapered 
ring  cut  away  has  a  pressure  of  f^  lb.  per  Uneal  inch.  7^  pressure  f^  may  be  resolved  into  a 
pressure  along  the  element  of  the  cone,  Pi  —  p'  tan  B,  and  a  horizontal  pressure,  Pt  ~  p"  Csc  0. 
The  streas  in  circumferential  joint  will  be 

T,"  -  I2fir,/<  =  I2f>'-f|-csc«/( 

-  12  Xo.434Ar,-csc*/i 

-  s.aA-n-cscfl/l  (16) 
which  is  twice  the  Btit.asM  in  the  radial  joints. 

StrsBte*  in  Clmunfereatial  Joints. — Spherical  Bottoms.— The  radial  unit  stress  in  a  hemi- 
spherical bottom  is  given  by  equation  (la).  Now  in  a  segment  of  a  spherical  shell  the  curvature 
is  the  same  in  ail  directions,  and  the  unit  stress  on  a  circuntfeiential  joint  will  be  the  same  as  on 
a  radial  joint,  and 

Ti'  -  Tt'  -  2.6h-ri/t  (17) 

Conitectlon  Between  Side  and  Bottom  Plates. — With  a  corneal  bottom  the  inclined  pull  per 
lineal  inch  at  the  bottom  of  the  circular  tank  will  be  from  (15) 


The  compreasive  stress  in  the  horizontal  rii^  will  be  due  to  the  horizontal  components  of  the 
inclined  stresses  and  will  be 

J"  -  Ti'"  coaO-r  X  la 

—  3i.sA-r'cot  e  (19) 

There  are  no  inclined  or  compresuve  stresses  in  a  hemispherical  bottom  unless  the  circular 
ahell  and  the  hemispherical  bottom  are  joined  by  an  elliptical  segment.  If  the  radius  of  the 
circular  tank  divided  by  the  radius  of  the  segment  —  2,  there  will  be  no  secondary  stresses  (see 
"Stresses  in  Tank  Bottoms,"  by  Professor  A.  N.  Talbot,  The  Technograph  No.  16,  p.  139). 

Stresses  In  a  Urcnlar  Girder. — The  circular  girder  supports  the  weight  of  the  tank,  the 
contents  of  the  tank,  and  its  own  wright.    The  load  is  uniformly  distributed  along  the  girder. 
The  girder  rests  on  or  is  supported  by  four  or  more  columns,  and  transmits  its  load  to  them. 
Let  H'  -  total  load  on  girder  in  lb.; 
r  —  radius  of  girder  in  in.; 
K  »  number  of  posts; 

a  —  ax/71  —  angle  at  center  subtended  by  radii  through  two  consecutive  posts; 
or'  —  angle  subtended  at  center  by  any  arc; 

U  —  direct  bending  moment  in  the  girder  at  any  point  in  in.-lb.; 
7*  ~  tondonal  bending  moment  in  girder  at  any  point  in  in.-lb.; 
S  —  shear  in  girder  at  any  point  in  lb.; 
Pa  —  Pb,  etc,  —  reactions  of  columns  in  lb. 
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(0    ♦ 


Fig.  2.    Circular  Girsbk. 


Now  in  the  author's  "Design  of  Walla,  Bins  and  Grain  Elevators"  it  is  proved  that  the 
bending  moment  at  the  supports  ix 

«.--ti(i-i„.=)  (») 

and  the  maximum  moment  midway  between  the  posts  is 
if,  -  M, 


|.-f^~f-fl 


The  torsional  moment  is  zero  at  the  suf^XHts  and  midway  between  the  columns,  and  v. 
maximum  at  the  points  of  zero  bending  moment  at  points  between  the  columns. 
The  torsional  moment  is 

Ti,  -  Mi-sma'  -  -T— (i  -  cos  or)  H I  i -;— I  (: 

Values  of  M  and  T  are  given  in  Table  la. 

TABLE  la. 
Stresses  in  Circular  Girders. 


No.  of 
Port*. 

Po«,  K. 

Mb>.  Sbcar. 

Beading  Momoit 
>t  Pcsu,  ln.lb. 

Bendlni  Moment 
Midway  Between 

Aniulai  DiKanoe 

^^^^X. 

8 

ff^  +  4 

ir  +  s 

IF-h  li 

If*    8 

;r+  i6 

#--(-24 

-0.0341  S»'-f 
-o.oi48iff'T 

-o.oo8i7»'-r 
-0.0036s  ^T 

-H>.oi76i»'T 
+o.oo7Si^-r 
+0.004  i6W-r 
-t-o.ooigoAr-  T 

19'   12' 
11    44 

o«>s3   r-f 

O.OOISt   »'-r 

o.oooi5s#-- 

Stresses  in  Columns. — The  stresses  in  the  columns  will  be  due  to  the  dead  load  and  to  the 
wind  moment.  The  vertical  components  of  the  dead  load  stress  will  be  equal  to  W  divided  by 
the  number  of  columns,  where  W  is  the  total  weight  of  tank  and  the  water.  To  calculate  the 
stresses  due  to  wind  moment  in  the  columns  proceed  as  follows:  Calculate  the  wind  force  by 
multiplying  the  exposed  surface  by  the  wind  pressure,  and  assume  the  wind  force  as  actii^  through 
the  center  of  gravity  of  the  exposed  surface.  The  pressure  on  circular  tanks  may  be  tatren  at 
two-thirds  of  30  lb.  per  sq.  ft.  of  the  surface  at  right  angles  to  the  direction  of  the  wind.  To 
calculate  Che  stresses  in  the  columns  at  any  pcnnt  pass  a  hraizontal  section  through  the  columns 


DigilizeoDV  Cookie 


DETAILS  OF  STEEL  TANKS.  300 

as  in  Fig.  3.  Tken  the  maximum  vertical  stress  in  colunia  I  will  occur  on  the  leeward  side  when 
the  wind  is  blowing  in  the  direction  i-i.  If  M  is  the  wind  moment  about  the  axis  A-B,  the 
moment  of  the  stresses  in  the  column  about  axis  A-B  will  be  equal  to  M.  In  a  tower  with  8 
coliunna  as  in  Fig.  3  we  have  (stress  1)  X  ar  +  (stress  2)  X  4r-cos  45°  -  M", 

But  Stress  I  is  to  Stress  3  as  r  is  tor-cos  45*;  and  Stress  1  (ar  +  2r)  —  M.  Stress  I  —  Jf/4r, 
and  Stress  2  —  o.jMl^r.  In  a  6  column  tower  the  stress  in  the  most  remote  post  is  M/y  and 
in  each  of  the  others  is  )  Ml^r.  In  a  4  column  tower  the  stress  in  each  column  ia  M/ar.  If  the 
columns  are  vertical  the  maximum  stresses  will  occur  at  the  foot  of  the  columns;  if  the  columns 
are  inclined  the  stress  should  be  calculated  at  both  the  top  and  the  bottom.  The  maximum 
stresses  will  be  the  sum  of  the  dead  and  wind  load  stresses. 

Having  calculated  the  vertical  components  of  the  stresses  in  the  columns,  the  stress  in  the 
column  will  be  equal  to  the  vertical  component  multiplied  by  the  secant  of  the  angle  between  the 
column  and  a  vertical  line. 
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Fig.  3. 

If  the  upward  pull  of  the  columns  on  the  windward  side  is  greater  than  the  dead  load  when 
the  Un  is  empty  the  column  must  be  anchored  down.  The  masonry  footing  should  have  a 
weight  equal  to  at  least  one  and  one-half  times  the  resultant  upward  pull. 

DETAILS  OF  STEEL  TANKS.— The  standard  plans  in  Fig.  10  and  Fig.  11  and  the  Jack- 
son, Minn.,  tank  Fn  Fig.  6,  show  the  plates  in  alternate  courses  of  different  diameters,  while  the 
standard  details  of  the  Chicago  Bridge  and  Iron  Co.  in  Fig.  8  shows  the  plates  telescoped  with 
the  edge  of  the  plate  for  caulking  on  the  indde  so  that  it  may  be  caulked  from  above.  The  stand- 
ard specifications  pven  in  the  last  part  of  this  chapter,  also  the  specifications  of  the  American 
Railway  Engineering  Association  in  the  last  part  of  this  chapter  both  require  that  the  plates  in 
alternate  courses  be  of  different  diameters  as  shown  in  Fig.  10,  Fig.  11,  and  Fig.  6. 

Hemispherical  or  segmental  bottoms  are  now  quite  generally  used,  the  conical  bottom  being 
rarely  used  on  account  of  the  difficulty  in  making  a  satisfactory  connection  to  the  tank  cylinder. 
Spherical  tank  bottoms  are  used  to  a  limited  extent. 

The  standard  details  of  the  Chicago  Bridge  and  Iron  Co.  for  circular  water  tanks  and  hemis- 
pherical bottoms  are  given  in  Fig.  8,  and  the  standard  column  details  are  shown  in  Fig.  9. 

The  prc^^erties  for  water  tight  joints  together  with  shearing  and  bearing  values  of  rivets  are 
given  in  Table  Ila.  Standard  plans  for  a  95,000  gallon  tank  on  a  100  ft.  tower  are  given  in  Fig.  10; 
wliile  standard  plans  for  a  stand-pipe  30  ft.  in  diameter  and  90  ft.  high  are  given  in  Fig.  11.  Table 
Ha  and  Fig.  10  and  Fig.  ri  were  prepared  by  Mr.  C.  W.  Bireh-Nord  to  accompany  the  standard 
spedfications  printed  in  Trans.  Am.  Soc.  C.  E.,  VoL  64,  and  partially  reprinted  in  this  chapter. 
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TABLE  Ila. 

PSOPBKTIES  OF  WATBBTIGHT  JOINTS. 
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EXAMPLES  OF  STEEL  WATER  TANKS. 


-7a/-  S  Sraveffioof 


J2  Spout, 


&5(^ooo  GALLON  Railway 
Wat£r  Tank  and  Tower 
f steel  RooF^^^l,^  ja 


0>)  65,000  Gallon  Steel 
Water  tank,  Narhiman  lines 


; 

F 

1  /'/»• 

V 

/ 

Pis- 

\ 

//■/.. 

\ 

i 

Pi!- 

u 

■  ^ 

&' ;  !''>■ 

W  i-'-  III 

St. 

;     ^ 

■\ /lih 

1 

PI'M 

JSg 

-? 

k!  50,000  Gallon  steel 
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Fig.  5.     Elevated  Tank  and  Tower,  Jackson,  Minn. 
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Fig.  6,    Elbvatbd  Tank  and  Tower,  Jackson,  Minn. 
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Fig.  7.    Elevated  Tank  and  Tower,  Jackson,  Minn. 
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DETAILS  OF  STBBL  TOWERS.~Steel  towers  are  commonly  made  with  (our  columns, 
although  right  or  twelve  coliuniu  are  eomecimea  used  for  large  elevated  tanks.  The  columns  of 
towers  are  commonly  made  of  two  channels,  laced  top  and  bottom;  of  two  channels  with  top 
cover  plate  and  bottom  lacing;  of  a  built  H  section  made  of  plates  and  angles,  or  a  rolled  H  section- 
Z-bars  are  now  very  difficult  to  obtain  and  the  Z-bar  column  should  not  be  used.  The  struts 
are  made  of  built  channels,  or  of  angles,  or  of  plates  and  angles.  The  diagonal  bracing  is  commonly 
made  of  rods  with  adjustable  clevises  or  tumbuckles. 

EXAMPLES  OF  STBBL  STAND-PIPBS  AHD  BUVATBD  TANKS  ON  TOWERS.— The 
design  of  steel  stand-pipes  and  elevated  tanks  on  towers  will  be  illustrated  by  describii^  several 
typical  examples. 


/^j^^?H^tr:,^:J^,^t^\  ^i 
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^'  IHewr Civets,     75,000  SALLON  5Tm  TAf/K  '  *^"*'^1 
Pitch'Zi'        CmcA6o  Sg/ote  AuolgoM  Co- 

Fig,  8,    Details  of  Tank  and  Hbhspherical  Bottom.    Chicago  Budge  &  Iron  Co. 

Rallwaj  Water  Tanks.— Four  typical  examples  of  steel  water  Unks  are  shown  in  Fig.  4;  the 
50,000  gallon  railway  water  tank  in  (a)  Fig.  4  was  designed  by  the  American  Bridge  Company; 
the  65.000  gallon  water  tank  in  (4)  b  a  standard  tank  on  the  Harriman  Lines;  the  50,000  gallon 
tank  in  (c)  was  designed  by  the  C^  &Q.  R.  R.;  while  (d)  is  a  typical  stand-pipe. 

Elevated  Tuik  and  Tower  for  Jadwon,  Minn.- Details  of  the  steel  elevated  tank  and  tower 
designed  by  Mr.  L.  P.  Wtrtff,  Consulting  Engineer.  St.  Paul,  Minn.,  for  Jackson,  Minn.,  are  shown 
in  Fig.  5,  Fig.  6,  and  Fig.  7.  A  general  plan  and  details  of  the  foundations  and  the  roof  are  shown 
in  Fig.  5.  Details  of  the  riveting  of  the  tank  plates;  details  of  the  columns,  and  details  of  the 
frost  proofii^  are  ^own  in  Fig.  6.  Details  of  the  circular  girder,  and  the  connections  of  the 
columns  are  shown  in  Fig,  7.    The  tank  has  a  hemispherical  bottom  with  a  conical  sub-bottom. 
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STANDARD  PLAN  OF  ELEVATED  TANK  ON  TOWER. 
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Fig.  10.    Standard  Plan  of  Elevated  Tank  on  Tower,  by  C.  W.  Bikch-Nord. 
(Trans.  Am.  Soc.  C.  E.  ,  Vol.  64,  1909.) 


Digilzed  by  Google 


378  STEEL  STAND-PIPES  AND  ELEVATED  TANKS  ON  TOWERS,    Chap.  XI. 

The  details  work  out  very  Batisfactotily.  Mr.  Wolff  has  designed  a  number  of  elevated  tanks 
and  towers  followii^  the  standard  details  in  the  Jackson  tank.  The  details  of  construction  are 
shown  by  the  drawings. 


Fig.  II.    Standakd  Plan  of  Stand-Pipe,  nr  C.  W.  Birch-Nobd. 
(Trans,  Am.  Soc.  C.  E.,  Vol.  64,   1909.) 

SPECIFICATIONS.— The  details  of  design  of  steel  stand-pipes  and  elevated  tanks  on 
towers  are  given  in  the  specifications  prepared  by  Mr,  C.  W.  Birch-Nord  and  the  specifications 
of  the  American  Railway  Engineering  Association.  Both  of  these  specifications  are  printed  in 
the  last  part  of  this  chapter. 
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GENERAL  SPECIFICATIONS  FOR  ELEVATED  STEEL  TANKS  ON  TOWERS,  AND 
FOR  STAND-PIPES.* 

Pakt  I.    Design  of  Elevated  Steel  Tanks  on  Towees. 

De&dtioiL — I.  An  elevated  tank  is  a  vessel  placed  on  a  tower  in  order  to  furnish  a  certain 
required  pressure  head.     The  tank  is  filled  througn  a  riser  or  iokt  pipe. 

3.  Elevated  tanks  are  mostly  used  in  connectiou  with  pumping  stations,  or  are  connected 
directly  to  Artesian  welis,  in  order  to  store  water  under  pressure. 

3.  As  practically  all  tanks  are  cyUndrit^,  this  specification  will  only  have  reference  to  those 
of  that  shape. 

Loads. — 4.  The  dead  load  shall  consist  of  the  weight  of  the  structural  and  ornamental  steel- 
work, platforms,  roof  construction,  piping,  etc. 

5.  The  live  load  shall  be  the  contents  of  the  tank,  the  movable  load  on  the  platforms  and 
roof,  and  the  wind  pressure. 

6.  The  live  load  on  the  platforms  and  roof  shall  be  astumed  at  30  lb.  per  sq.  ft.,  or  a  3oo-lb. 
concentrated  load  applied  at  any  point. 

7.  The  wind  pressure  shall  be  assumed  at  30  lb.  per  sq.  ft.,  acting  in  any  direction.  The 
surfaces  of  cylindrical  tanks  exposed  to  the  wind  shall  be  calculated  at  two-thirds  of  the  diameter 
multiplied  by  the  height.  Similar  assumptions  may  also  be  made  for  spherical  and  conical  surfaces 
by  usingthe  correct  heights. 

8.  The  live  toad  on  platforms  and  roof  shall  not  be  conudered  as  acting  together  with  the 
wind  pressure. 

Unit  StresBBS. — 9.  All  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the  dead 
and  live  loads  shall  not  cause  the  stresses  to  exceed  those  given  in  Table  I. 

TABLE  I. 
Tension  in  tank  plates 13,000  lb.  per  sq.  En.  of  net  area. 


of  net  area, 
reduced. 


of  gross  area. 


Tension  in  other  part  of  structure 16,000  lb.  per  sq.  in. 

Compression 16,000  lb.  per  sq.  ii" 

Shear  on  shoo  rivets  and  pins ia,ooo  lb.  per  sq.  ii 

Shear  on  field  rivets  (tank  rivets)  and  bolts 9,000  lb.  per  sq.  ii 

Shear  in  plates 10,000  lb.  per  sq.  ii 

Bearing  pressure  on  shop  rivets  and  pins 24,000  lb.  per  sq.  t( 

Bearing  pressure  on  field  rivets  (tank  rivets) 18,000  lb.  per  sq.  ii 

Fiber  strain  in  pins 34,000  lb.  per  sq.  ii 

10.  For  compression  members,  the  permissible  unit  stress  of  16,000  lb.  shall  be  reduced  by  the 
formula: 

p  =  16,000  —  70  llr, 

where  p  —  permissible  working  stress  in  compression,  in  lb.  per  sq.  in.: 

/  —  length  of  member,  from  center  to  center  of  connections,  in  inches; 
r  —  least  radius  of  gyration  of  section,  in  inches. 
The  ratio,  l/r,  shall  never  exceed  120  for  main  members  and  180  for  struts  and  roof  construc- 
tion members. 

11.  Stresses  due  to  wind  may  be  neglected  if  they  are  less  than  35  per  cent  of  the  combined 
dead  and  live  loads. 

13.  Unit  stresses  in  bracing  and  other  members  taking  wind  stresses  may  be  increased  to 
10,000  lb.  per  sq.  in.,  except  as  shown  in  Section  11. 

13.  The  pressures  given  in  Table  II  will  be  permissible  on  bearing  plates. 

TABLE  1 1. 

Brickwork  with  cement  mortar.  ,. 300  lb.  per  sq. 

Portland  cement  concrete 350  lb.  per  sq. 

First-class  sandstone 400  lb.  per  sq. 

First-class  limestone 500  ib.  per  sq. 

First-class  granite 600  Ib.  per  sq. 

•  Condensed  from  Specifications  by  C.  W.  Birch-Nord,  Assoc.  M.  Am.  Soc.  C.  E.,  Trans. 
Am.  Soc.  C.  E..  Vol.  64,  pp.  548  10563.  The  preliminary  statement  and  the  specifications  for  the 
foundations  have  been  omitted.  lliMe  specifications  have  been  adopted  by  the  American  Bridge 
Company., 
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DfltaUB  of  Construction. — 14.  The  plates  farming  the  udea  of  cylindrical  tanks  shall  be  of 
different  diameters,  so  that  the  courses  shaJl  lap  over  each  other,  inmde  and  outside,  alternately. 

15.  The  joints  for  the  horizontal  seams,  and  for  the  radial  seams  in  spherical  bottarau,  shall 
preferably  be  lap  joints. 

1 6.  ror  vertical  seams  double-riveted  lap  joints  shall  be  used  for  i,  A,  and  |  in.  plates.  Triple 
lap  joints  shall  be  used  for  A  and  \  in.  plates;  double-riveted  butt  joints  shall  be  used  for  A,  |, 
a  and  i  in.  plates;  and  triple-riveted  butt  joints  for  H,  t,  H  and  I  in.  plates. 

17.  Rivets  I  in.  in  diameter  shall  be  used  for  i  in.  plates;  rivets  ]  in.  in  diameter  shall  be 
UKd  for  -^  in.  plates;  rivets  ]  in.  in  diameter  shall  be  used  for  1  to  j  in.  plates,  inclusive.  Rivets 
I  in.  in  diameter  shall  be  us&l  for  H  m-  and  i  in.  plates. 

Rivets  shall  be  spaced  so  as  to  make  the  most  economical  seams  (70  to  75  per  cent  efficiency). 
A  table  of  riveted  joints  is  given  in  Table  Ila. 

iS.  In  no  case  shall  the  spacii^  between  rivets  along  the  caulked  edges  of  plates  be  more 
than  ten  times  the  thickness  of  the  plates.  All  rivets  shall  be  entered  from  the  inside  of  the 
tank,  and  shall  be  driven  from  the  outside,  that  is,  new  heads  on  rivets  shall  always  be  formed  from 
the  opposite  side  of  the  plate  on  which  the  caulking  is  done. 

19.  Plates  t  in.  thick,  and  not  more  than  I  in.  thick,  shall  be  sub-punched  with  a  punch  A  in- 
smaller  in  diameter  than  the  nominal  size  of  the  rivets,  and  shall  be  reamed  to  a  finished  diameter 


t  more  than  fi  in,  larger  than  the  rivet.     Plates  thicker  than  ]  in.  shall  be  drilled. 

30.  The  minimum  thickness  of  the  plates  for  the  cylindrical  part  shall  be  i  in.  ine  tnicK- 
ness  of  the  plates  in  spherical  bottoms  shall  never  be  less  than  tnat  of  the  lower  course  in  the 
cylindrical  part  of  the  tank. 

21.  The  facilities  at  the  plant  where  the  material  is  to  be  fabricated  will  be  investigated 
before  the  material  is  ordered. 

33.  All  plates  shall  be  sheared  or  planed  to  a  proper  bevel  alony  the  edges  for  caulking. 

33.  All  plates  shall  be  caulked  along  the  beveled  edges  from  the  inside  ofthe  tank,  and  ivith  a 
round-nosed  tool.  The  use  of  foreign  material  for  caulking,  such  as  lead,  copper,  filings,  cement, 
etc.,  will  not  be  permitted, 

34.  The  plates  in  tanks  for  the  storage  of  oil  shall  be  beveled  on  both  udes  for  outside  and 
inude  caulking. 

25.  The  radial  sections  of  ^herical  bottoms  shall  be  made  in  multiples  of  the  number  of 
columns  supporting  the  tank,  and  shall  be  reinforced  at  the  lower  parts,  where  holes  are  made 
for  piping. 

36.  When  the  center  of  the  spherical  bottom  is  above  the  point  of  connection  with  the  cylin- 
drical part  of  the  tank,  there  shall  be  provided  a  girder  at  said  point  of  connection  to  take  the  hori- 
zontal thrust.  The  horizontal  girder  may  be  made  in  connection  with  a  balcony.  This  alM 
applies  where  the  tank  is  supported  by  inclined  columns. 

37.  The  balcony  around  the  tank  shall  be  3  ft.  wide,  and  shall  have  a  door-plate  }  in.  thick, 
which  shall  be  punched  for  drainage.  The  balcony  shall  be  provided  with  a  suitable  railing, 
3  ft.  6  In.  high. 

38.  The  upper  parts  of  spherical  bottom  plates  shall  always  be  connected  on  the  inaide  of  the 
cylindrical  section  of  the  tank. 

39.  In  order  to  avoid  eccentric  loading  on  the  tower  columns,  and  local  stresses  in  spherical 
bottoms,  the  connections  between  the  columns  and  the  sides  of  the  tank  shall  be  made  in  such  a 
manner  that  the  center  of  gravitv  of  the  column  section  intersects  the  center  of  connection  between 
the  spherical  bottom  and  the  sides  of  the  tank.  Enough  rivets  shall  be  provided  above  this  inter- 
section to  transmit  the  total  column  load. 

30.  If  the  tank  is  supported  on  columns  riveted  directly  to  the  sides,  additional  material  shall 
be  provided  in  the  tank  plates  riveted  directly  to  the  columns  to  take  the  shear.  The  shear  may 
be  taken  by  providing  thicker  tank  plates,  or  by  reinforcement  plates  at  the  column  connections, 
while  bending  moments  shall  be  taken  by  upper  and  lower  flange  angles.  Connections  to  columns 
shall  be  made  in  such  a  manner  that  the  efficiency  of  the  tank  plates  shall  not  be  less  than  that 
of  the  vertical  seams. 

31.  For  high  towers,  the  columns  shall  have  a  batter  of  I  to  13.  The  height  of  the  tower 
shall  be  the  distance  from  the  top  of  the  masonry  to  the  connection  of  the  spherical  bottom,  or 

lindrical  part  of  the  tank. 
.   e  tank  there  shall  be  provided  one  Z-bar  to  act  as  a  support  for  the 
painter's  trolley,  and  for  stiffening  the  tank.     Its  section  modulus  shall  not  be  less  than  1^/350, 
where  D  is  the  diameter  of  the  tank  in  feet.     If  the  upper  part  of  the  tank  is  thoroughly  held  by 
the  roof  construction,  this  may  be  reduced. 

"    '  '       ■      '        if[eninga[.B —  1 —  r — h— — 

The  distance  between  the  angles  shall  be  detennined  by  the 
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where  d  -■  approxiinate  distance  between  angles,  in  feet; 
t  —  tnicknees  of  tank  plates,  in  inches; 
D  "  diameter  of  tank,  in  feet. 
34.  The  top  of  the  tank  will  generally  be  covered  with  a  conical  roof  of  thin  plates;  and  the 
pitch  shall  be  I  to  6.     For  tanks  up  to  32  ft.  in  diameter,  the  roof  plates  will  be  assumed  to  be 
self-supporting.     If  the  diameter  a!  the  tank  exceeds  aa  ft.,  ai^le  rafters  shall  be  used  to  support 
the  root  plates,  which  are  generally  j  in.  thick. 

Plates  of  the  following  thicknesses  wilt  be  assumed  to  be  self-supporting  for  various  diameters: 
slate,  up  to  a  diameter  of  18  ft. 


A  in.  plati 
tin.  plate 


-fy  in.  plate,  up  to  a  diameter  of  aa  ft. 
^vets  in  the  roof  plates  shall  be  from  }  to  -^  in.  in  diameter,  and  shall  be  driven  cold.    These 
rivets  need  not  be  headed  with  a  button  set. 

35.  A  trap-door,  2  ft.  square,  shall  be  provided  in  the  roof  plate.  Near  the  top  of  the  higher 
tanks,  there  shall  be  a  platfomi  with  a  railii^,  for  the  safety  o[  the  men  operating  the  trap-door. 

36.  There  ahall  be  an  ornamental  finia!  at  the  top  of  the  roof. 

37.  There  shall  be  a  ladder,  i  ft.  3  in.  wide,  extending  from  a  point  about  8  ft.  above  the 
foundation  to  the  top  of  the  tank,  and  also  one  on  the  inside  of  the  tank.  Each  ladder  dial'  be 
made  of  two  »!  by  I  in.  bars  with  i  in.  round  rungs  i  ft.  apart.  On  lane,  high  tanks,  30  fl.  or 
more  in  diameter,  a  walk  shall  be  provided  from  the  column  nearest  the  ladder  to  the  expaiiMon 
joint  on  the  riser  or  inlet  pipe. 

38.  In  designing  a  tank,  a  height  □(  6  in.  shall  be  added  to  the  required  height  of  the  tank 
if  ao  overflow  pipe  is  not  specified  by  the  owner. 

39.  Each  elevated  tank  shall  be  furnished  with  a  riser  or  inlet  pipe,  the  size  of  which  shall  be 
determined  by  the  rate  at  which  the  tank  must  be  filled.  The  size  c«  the  riser  pipe  will  be  speci- 
fied by  the  owner.  The  outlet  pipe,  in  most  cases,  is  not  required,  as  the  riser  or  inlet  pipe  will 
serve  the  same  purpose,  but  it  Miall  be  furnished  if  demanded  by  the  owner. 

40.  All  pipes  entering  the  tank  shall  have  caat-iron  expansion  joints  with  rubber  packing,  and 
facilities  for  tightening  auch  ioints.  The  expansion  joint,  generally,  shall  be  fastened  to  the 
bottom  of  the  tank  with  bolts  havit^  lead  washers.  The  tank  plates  shall  be  reinforced  where  the 
pipes  enter  the  tank. 

41.  All  pipes  eoterii^  the  tank  shall  be  thoroughly  braced  laterally  with  adjustable  diagonal 
bracing  at  the  panel  points  of  the  tower. 

43.  The  diagonal  bracing  in  the  tower  shall  preferably  be  adjustaUe,  and  shall  be  calculated 
for  an  initial  stress  of  3,000  lb.  in  addition  to  wind  stresses,  etc. 

43.  The  size  and  number  of  the  anchor-bolta  in  the  tower  shall  be  determined  b^  the  maxi- 
mum uplift  when  the  tank  is  empty.  The  anchor-bolts  in  the  tower,  where  the  maximum  uplift 
is  greater  than  10,000  lb.,  shall  be  fastened  directly  to  the  columns  with  bent  plates  or  similar 
details.  In  all  other  cases  it  will  be  sufficient  to  connect  the  anchor-bolts  directly  to  the  base- 
plates. 

The  tenuon  in  anchor^bolts  shall  not  exceed  IS.000  lb.  per  sq.  in.  of  net  area.  The  minimum 
section  shall  be  limited  to  a  diameter  oF  i}  in.  The  details  shall  be  made  so  that  the  anchor- 
bolts  will  develop  their  full  strength,  and,  at  the  lower  end,  they  shall  be  fumi^ied  with  an  anchor- 
plate,  not  less  than  i  in,  thick,  to  assure  good  anchorage  to  the  foundation  without  dependii^  on 
the  adhesion  between  the  concrete  and  the  steel. 

44.  The  concrete  foundation  shall  be  assumed  to  have  a  weight  of  140  lb.  per  cu.  ft.,  and 
shall  be  sufficient  in  quantity  to  take  the  uplift,  with  a  factor  of  safety  of  i}, 

45.  Three-ply  frost-proof  casing  shall  be  provided,  if  necessary,  around  the  pipes  leadii^  to 
and  from  the  tank.  This  casing  shall  be  composed  of  two  layers  of  }  by  2§  in.  dressed  lumber, 
and  each  layer  shall  be  covered  with  tar  paper  or  tarred  felt,  and  one  outside  layer  of  (  by  a)  ii 


dressed  and  matched  flooring.  The  lumber  shall  be  in  lengths  of  about  la  ft.  There  shall  be  a 
I  in.  air  space  between  the  layers  of  lumber,  and  wooden  rings  or  separators  shall  be  nailed  to 
them  every  3  ft.     (In  very  cold  climates  it  is  good  practice  to  fill  the  space  between  the  pipes  and 


the  first  layer  of  lumber  with  hay  or  similar  material.)  The  frost  casing  may  be  square  or  cylin 
drical;  it  shall  be  braced  to  the  tower  with  adjustable  diagonal  bracing,  as  described  for  pipes  in 
Section  4I. 

46.  All  detailed  drawings  shall  be  subject  to  the  owner's  approval  before  work  is  commenced. 

47.  For  materials,  workmanship,  inspection,  paintii^,  and  testing,  see  Part  III;  for  founda- 
tions, see  Part  IV. 

Paet  II.     Design  (w  Stand-Ptphs. 
DeflnHioa. — i.  A  stand-pipe  is  a  tank,  generally  cylindrical,  used  for  the  storage  of  water, 
oil.  etc.     Its  hdght,  in  moat  cases,  is  considerably  greater  than  its  diameter;  it  has  a  flat  bottom, 
and  rests  directly  on  its  foundation.  _^ 
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9.  Stand-pipes  are  economical  only  in  epeciat  cases:  where  their  cafKidty  is  more  important 
than  pressure,  or  where  local  conditions  are  such  that  an  elevated  tank  is  not  required. 

3.  Stand-pipes  for  the  storage  of  oil  are  an  exception.  These  are  generally  of  very  large 
diameter,  while  the  height  may  not  exceed  40  ft.;  they  are  usually  referred  to  as  tanks. 

4.  Stand-pipes  are  filled  and  emptied  through  pipes  connected  with  their  aides  or  iMttom, 
and  are  provided  with  manholes  for  cleaning  purposes. 

5.  In  cold  climates  roofs  are  generally  omitted  on  stand-pipes  used  for  water  supply,  on 
account  of  the  formation  of  ice.  In  warmer  climates  there  may  be  roofs  in  order  to  prevent  the 
water  from  becomii^  a  breeding  place  for  mosquitos,  flies,  etc.  Stand-pipes  used  for  the  storage 
of  oil  or  other  fluids  from  which  rain-water  is  to  be  excluded  should  always  be  roofed. 

LoadB.^-6.  The  dead  load  shall  consist  of  the  weight  of  structural  and  ornamental  steel  work, 
and  tlie  roof  construction,  if  any. 

7.  The  live  load  shall  be  the  contents  of  the  stand-pipe,  the  movable  load  on  the  eventual 
roof,  and  the  wind  pressure. 

8.  The  eventual  live  load  on  the  roof  shall  be  assumed  at  30  lb.  per  sq.  ft.,  or  a  300  lb.  con- 
centrated load  applied  at  any  point. 

9.  The  wind  pressure  snail  be  assumed  at  30  lb.  per  sq.  ft.  acting  in  any  direction.  The 
surfaces  of  cylindrical  stand-pipes  exposed  to  the  wind  shall  be  calculated  at  two-thirds  of  the 
diameter  multiplied  by  the  height. 

10.  The  eventual  live  load  on  the  roof,  tf  tlie  etand-pipe  is  roofed,  shall  not  be  considered  as 
acting  together  with  the  wind  pressure. 

Stresses. — 11.  All  parts  of  the  structure  shall  be  porportioned  so  that  the  sum  of  the  dead 
and  live  load  stresses  shall  not  exceed  the  stresses  given  in  Table  III. 

TABLE  III. 
Tenuon  in  plates  forming  ades  or  bottom  of  stand-pipes 13,000  lb.  per  sq.  in.  of  net  area- 
Tension  in  roof  construction 16,000  lb.  per  sq.  in.  of  net  area. 

Compression  in  roof  construction 16,000  lb.  per  sq.  in.  reduced. 

Shear  on  shop  rivets  in  roof,  etc 13,000  lb.  per  sq.  in. 

Shear  on  field  rivets  (in  stand-pipe  plates)  and  bolt* 9,000  lb.  per  sq.  in. 

Shear  in  plates 10,000  lb.  per  sq.  in. 

Bearing  pressure  on  shop  rivets 34,000  lb.  per  sq.  in. 

Bearing  pressure  on  field  rivets  (in  stand-pipe  (dates) I8,000  lb.  per  sq.  in, 

12.  For  compression  members  in  the  roof  construction,  the  permiswble  unit  stress  of  16,000 
lb.  shall  be  reduced  by  the  formula: 

P  -  16,000  —  70 //r, 

n  compression,  in  lb.  per  sq.  in.; 
iter  to  center  of  connections,  in  inches; 
r  ••  least  radius  of  gyration  >A  section,  in  inches.     The  ratio,  f/r,  shall  never  exceed  tSo. 

13.  Stresses  due  to  wind  may  be  neglected  if  they  are  less  than  35  per  cent  of  the  combined 
dead  and  live  toads. 

14.  The  average  permissible  pressupes  on  masonry  shall  be  as  given  in  Table  II,  Part  I. 
Details  of  Cuutmctlon. — 15.  The  plates  forming  the  sides  of  the  stand-pipe  shall  be  of 

different  diameters,  so  that  the  courses  shall  lap  over  each  other.  Inside  and  outside,  alternately. 

16.  The  joints  for  the  horizontal  seams  in  the  sides,  and  for  the  bottom  plates,  shall  pre- 
ferably be  lap  joints. 

17.  For  further  information  regarding  riveted  joints,  etc.,  see  Part   I,  Sections  16,   17,  iS. 

18.  The  minimum  thickness  of  the  plates  forming  the  sides  shall  be  1  in.  and  ft  in.  for  the 
bottom  plates,  except  for  oil  tanks  on  a  sand  foundation.  The  bottom  plates  for  ordinary  stand- 
pipes  shall  be  provided  with  tapped  holes.  \\  in.  in  diameter,  with  screw  plugs,  spaced  at  about 
4  tt.  centers,  to  permit  of  filling  with  cement  grout  on  top  of  the  foundation  of  the  masonry  while 
the  bottom  part  is  being  erected,  in  order  to  secure  proper  bearing. 

19.  Oil  tanks  of  lai^e  diameter  are  generally  set  directly  on  a  sand  foundation,  and  do  not 
need  any  holes  in  the  bottom  plates  for  Riling  beneath  with  cement  grout.  In  aucli  cases,  }  in. 
bottom  plates  will  be  sufficient. 

30.  The  bottom  plates  shall  be  connected  irith  the  sides  by  an  angle  iron  riveted  inside  the 
■tand-pipe.  This  angle  iron  shall  be  bevel  sheared  for  caulking  aloi^  both  legs.  For  the  caulking 
of  plates,  see  Part  I,  Sections  aa  and  23. 

21.  On  the  side  and  near  the  bottom  there  shall  be  a  is  by  18  in.  manhole  of  elliptical  sbape.| 
In  the  same  manner,  or  on  the  bottom  pbtes,  flanges  shall  be  provided,  for  the  connection  of! 
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inlet  and  outlet  pipes  of  the  axea  specified  by  the  owner.    All  openings  in  stand-pipes  etiall  be 
properly  rdnforced  by  forged  lings  or  plates. 

23.  For  stiffening  aisles,  etc.,  see  Part  I,  Sections  33  and  33. 

33.  In  cases  where  a  roof  is  used  see  Section  5;  Sections  34,  35,  and  36  of  Part  I  should  also 
be  followed. 

34.  There  shall  be  an  outnde  ladder,  i  ft^  in.  wide,  extending  from  a  point  about  8  ft.  above 
the  foundation  to  the  top  of  the  stand-pipe.  The  ladder  shall  be  made  of  twos  i  by  |  in.  bars  with 
i  in.  Found  runfp  I  ft.  apart.  An  inside  ladder  will  not  be  required.  (In  no  case  should  inside 
ladders  be  provided  on  stand-pipes  in  climates  where  ice  will  fomi.  Owners  of  oil  tanks  often 
specify  stairways  to  take  the  plat^  of  ladders.)  All  ladders  shall  be  able  to  sustain  a  concentrated 
load  of  at  least  800  lb. 

35.  L^rge  stand-pipes  for  oil  storage,  the  heights  of  which  are  very  small  compared  with 
their  diameter,  will  generally  be  set  directly  on  a  sand  foundation,  and  will  not  need  any  anchorage 
whatever,  as  the  overturning  moment  is  very  small  In  comparison  with  the  resisting  moment. 

36.  Stand-pipes  of  the  ordinary  type,  for  water  storage,  shall  be  set  on  concrete  foundations, 
and  shall  be  anchored  thoroughly  thereto  with  anchor-bolts  not  less  than  i^  in.  in  diameter, 
set  deep  enough  to  take  the  necessary  uplift,  and  provided  with  an  anchor  plate  not  less  than  )  in. 
thick  in  the  masonry.  All  anchor  bolts  shall  be  connected  directly  to  the  sides  of  the  stand-pipe 
with  bent  plates  or  similar  details.  The  unit  stress  in  anchor-bolts  shall  not  exceed  15,000  lb. 
per  sq.  in.  of  net  area.     See  Part  I,  Section  43. 

37.  All  detailed  drawings  shall  be  subject  to  the  owner's  approval  before  work  is  commenced. 

38.  For  materials,  workmanship,  inspection,  painting,  and  testing,  see  Part  III;  for  founda- 
tions, see  Part  IV. 


Pakt  III.     Matbkials,  Wobemanship,  Inspection,  Painting,  » 


0  Testing. 


BlemtdU  cmiildeKd.                                           j       Stractuial  St«l.       |           R]T«t  Sted.           | 

o/u  per  cent 
0.06   "      " 
0.0s    "      " 

o!o4  "      " 
0.04  "     " 

Pho«phorui,  maiimum  |  ^^j 

Ultimate  tensile  strength,  in  pounds  per  square  inch 

Desired 
6o,oco 

I,S00.00O 

Desired 

Ultimate  tensile 

Silky 

i8o»it«t 

Ultimate  tensik 
strength 

Silky 
180"  flst 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 

3.  If  the  ultimate  strength  varies  more  than  4,000  lb.  from  that  desired,  a  re-test  shall  be 
made  on  the  same  gage,  which  to  be  acceptable,  shall  be  within  5,000  lb.  of  the  desired  ultimate.   ■ 

4.  Chemical  determination  of  the  percentages  of  carbon,  phosphorus,  sulphur,  and  manganese 
shall  be  made  by  the  manufacturer  from  a  test  irwot  taken  at  the  time  of  the  pouring  of  each 
melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the  engineer  or  his  inspector. 
Check  analyses  shall  be  made  from  finished  material,  if  called  for  by  the  purchaser,  in  which  case 
an  excess  of  35  per  cent  above  the  required  limits  will  be  allowed. 

5.  Specimens  for  tensile  and  bending  teats,  for  plates,  shapes,  and  bars,  shall  be  made  by 
cutting  coupons  from  the  finished  product,  which  shall  have  both  faces  rolled  and  both  edges 
milled  to  the  form  shown  by  Fig,  i;  or  with  edges  parallel;  or  they  may  be  turned  to  a  diameter 
of  [  in.  for  a  leiwth  of  at  least  g  in.  with  enlai^  ends. 

6.  Rivet  rods  shall  be  tested  as  rolled. 

7.  Specimens  shall  be  cut  from  the  finished  rolled  or  forged  bar,  in  such  manner  that  the 
center  ol  the  specimen  shall  be  i  in.  from  the  surface  of  the  bar.  The  specimen  for  the  tensile 
test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  the  bending  test  shall  be  i  in. 
by  i  in.  in  section. 

8.  Material  which  is  to  be  used  without  annealing  or  further  treatment  shall  be  tested  in  the 
condition  in  which  it  comes  from  the  rolls.    When  material  is  to  be  annealed,  or  otherwise  treated 
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before  us 

aonealed  .  ,  . 

9.  At  least  one  tensile  and 


Bpecimeos  for  tensile  t 

iiarly  treated  short  lei^hB  1     

bending;  test  shall  be  made  from  eajcb  melt  of  steel  ae  rolled. 

re  in  thickness  is  rolled  from  one  melt  a  test  shall  be  made 


Fig.  2. 


10.  For  material  less  than  -ft  in.  and  more  than  ]  in.  in  thickness,  the  following;  modifications 
will  be  allowed  in  the  requirements  for  elongation; 

(a)  For  each  A  in.  in  thickness  below  ft  in.,  a  deduction  of  3)  from  the  ^>ecified  percentage 
will  be  allowed. 

(fr)  For  each  )  in.  in  thickness  above  ]  in.,  a  deduction  of  I  from  the  specified  percentage 
will  be  allowed. 

11.  Bending  tests  may  be  made  by  pressure  or  by  blows,  folates,  shapes,  and  bara  less 
than  I  in.  thick  shall  bend  as  called  for  in  Section  3. 

13.  Angles  }  in.  and  less  in  thickness  shall  open  flat,  and  angles  {  in.  and  less  in  thickness 
shall  bend  snut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.  This  test  will  be  made 
only  when  required  by  the  inspector. 

13.  Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter  as  the  rivet  rod, 
shall  give  a  ^dual  break  and  a  fine,  silW.  uniform  fracture. 

14.  Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective  edges,  or 
other  defects,  and  have  a  smooth,  uniform,  workmanlike  finish.  Plates  36  in.  in  width  and  less 
shall  have  rolled  edges. 

15.  Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of  the'manufacturer 
stamped  or  rolled  upon  it.  Steel  for  pins  shall  be  stamped  on  the  end.  Rivet  and  lattice  steel 
and  other  small  parts  may  be  bundled,  with  the  above  marks  on  an  attached  metal  tag. 

16.  Material  which,  subsequent  to  the  foregoing  tests  at  the  mills,  and  its  acceptance  there, 
develops  weak  spots,  brittleness,  cracks,  or  other  imperfections,  or  is  found  to  have  injurious 
defects,  will  be  rejected  at  the  shop,  and  shall  be  replaced  by  the  manufacturer  at  his  own  cost. 

17.  A  variation  in  cross-section  or  weight  of  each  piece  of  steel  of  more  than  ai  per  cent  from 
that  specified  will  be  sufficient  cause  for  rejection,  except  in  cases  of  sheared  plates,  which  will  be 
covered  by  the  following  permissible  variations,  which  are  to  apply  to  single  fJatea: 

Plates  weighing  laf  lb.  per  sq.  ft.  or  more: 

(a)  Up  to  100  in.  wide,  a)  per  cent  above  or  below  the  prescribed  weight; 

lb)  loo  in.  wide  or  more,  5  per  cent  above  or  below. 

Plates  weighing  less  than  13)  lb.  per  sq.  ft.; 

(a)  Up  to  75  in.  wide,  sj  per  cent  above  or  below; 

y>)  75  in.,  and  up  to  100  m.  wide,  5  per  cent  above  or  3  per  ci 

(c)   100  in.  wide  or  more,  10  per  cent  above  or  3  per  cent  below. 

18.  Plates  will  be  accepted  if  their  thickness  is  not  more  than  o.oi 

19.  An  excess  over  the  nominal  weight,  corresponding  to  _  .    .    

be  allowed  for  each  plate,  if  not  more  than  that  shown  in  Table  IV,  I  cu.  in.  of  rolled  ateel  being 
assumed  to  weigh  0.3833  'b. 

Cast  Iron. — 20.  Ew*pt  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough,  gray 
iron,  with  not  more  than  o.io  ^r  cent  of  sulphur.  They  shall  be  true  to  patterns,  out  of  wind, 
and  free  from  flaws  and  excessive  shrinkage.     If  tests  are  demanded,  they  shall  be  nude  on  the 
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"Arbitration  Bar"  of  the  American  Society  for  Testing  Materials,  which  is  round  bar,  i}  in.in 
diameter  and  15  in.  loi^.  The  transverse  test  shall  be  made  on  a  supported  length  of  13  in.  with 
the  load  at  the  middle.  The  minimum  breaking  load  thus  applied  shall  be  3,900  lb.,  with  a 
deflection  of  at  least  iV  in.  before  rupture. 

Worknianahlp,  Inspection,  and  Paintuf. — 31.  All  parts  forming  the  structuFc  shall  be  built 
in  accordance  with  approved  drawings.  The  workmanship  and  finish  ahalt  be  equal  Co  the  beat 
in  modern  shop  practice. 

22.  All  material  shall  be  thoroughly  straightened  in  the  shop,  by  methods  which  wilt  not 
injure  it,  before  being  laid  off  or  worked  in  any  way. 

23.  The  shearing  shall  be  done  neatly  and  accurately,  and  all  portions  of  the  work  exposed 
to  view  shall  have  a  neat  and  uniform  appearance. 

34.  The  size  of  each  rivet,  called  for  by  the  plans,  shall  be  understood  to  mean  the  actual 
aze  of  the  cold  rivet  before  it  is  heated. 

35.  All  plates  and  shapes  shall  be  shaped  to  the  proper  curve  by  cold  rolling;  heatii^;  or 
hammering  for  straightening  or  curving  will  not  be  allowerf. 

26.  Plates  to  be  scarfed  may  be  heated  to  a  chcrry.red  color,  but  not  hot  enough  to  ^nite  a 
piece  of  drv  wood  when  applied  to  it.     Most  careful  attention  shall  be  paid  to  all  scarfing. 

37.  An  plates  or  shapes  shall  be  punched  before  being  bevel-sheared  or  planed  for  caulking. 

38.  All  screw  threads  shall  make  tight  fits  in  the  nuts  and  tumbuckles,  and  shall  be  United 
States  Standard,  eitcepc  for  diameters  greater  than  i|  in.,  when  they  shall  have  six  threads  per 
inch.     The  dimensions  of  screws  of  various  sizes  shall  be  as  follows: 

Diameter  of  screw  ends I  in.     l)  in.     1}  in.     l|  and  greater 

Number  of  threads  per  inch 8  7  7  6 

The  minimum  excess  at  the  root  of  the  thread  over  the  body  of  the  bar  shall  be  15  per  cent. 

The  shape  of  the  thread  shall  be  U.  S.  Standard. 

TABLE  V. 
Standard  Upsets  por  Round  and  Square  Bars. 


Round  Ban. 

SQuoreBm.                                         | 

Bt. 

Up«n. 

Bar. 

Upirt. 

IMameUr.  In  Incl». 

DteiiKter,  In  locbu. 

Sid«.  In  Inches.       ^ 

Dlamcto,  in  Inches. 

1 

i 

,n,Co()glc 
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29.  The  diameter  of  the  die  used  in  punching  rivet  holes  shall  not  exceed  that  of  the  pnncl 
by  more  than  A  '"■     AH  rivet  holes  shall  be  punched,  except  as  stated  in  Part  I,  Section  19. 

30.  All  punched  and  reamed  bolts  shall  be  clean  cuts,  without  torn  or  raWed  edges.  The 
burrs  on  all  reamed  holes  shall  be  removed  by  a  tool,  countersinking  not  more  than  ^  in.  .Any 
parts  of  the  structure  in  which  difficulties  may  arise  in  field  riveting,  shall  be  assembled  in  tte 
shop  and  marked  properly  before  shipment, 

31.  Rivet  holes  shall  be  accurately  spaced;  eccentrically  located  rivet  holes,  if  not  sufBcie^n 
to  cause  rejection  shall  be  corrected  by  reaming,  and  rivets  of  larger  size  shalj  be  used  in  lit 
boles  thus  reamed. 

33.  The  use  of  drift-pins  will  be  allowed  only  for  bringine  together  several  parts  formicg 
part  of  the  structure;  force  will  not  be  allowed  to  be  used  in  drifting  under  any  circumstances. 

33.  The  use  of  sledges  in  driving  or  hammering  any  part  of  the  structure  will  not  be  allowed. 
Care  shall  be  taken  to  prevent  material  from  falling,  or  from  being  in  any  way  subjected  to  heaiy 

34.  Rivets  shall  be  driven  by  pressure  tools  wherever  passible.  Pneumatic  hammers  slull 
be  used  in  preference  to  hand-driving.     All  rivet  heads  shall  be  concentric  with  the  holes. 

35.  All  caulking  shall  be  done  with  a  round-nosed  tool,  and  only  by  experienced  and  skilled 
men.  Caulking  around  rivet  heads  will  not  be  allowed.  All  leaky  rivets  shall  be  cut  out  and 
refdaced  with  new  ones.     All  fractured  material  shall  be  replaced  free  of  cost  to  the  owner. 

36.  If  the  owner  furnishes  an  inspector,  he  shall  have  full  access,  at  all  times  to  all  parts  ot 
the  shop  where  material  under  his  inspection  is  being  manufactured. 

37.  The  inspector  shall  stamp  with  a  private  mark  each  piece  accepted.  Any  piece  not  thus 
marked  may  be  rejected  at  any  time,  and  at  any  stage  of  the  work.  If  the  inspector,  through 
oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or  contrary  to  tht^ 
specifications,  this  material,  no  matter  in  what  stage  of  completion,  may  be  rejected  by  the  owner. 

Painting  and  Testing,— 38.  Before  leaving  the  shop,  all  steel  work  excepting  the  laps  in 
contact  on  the  tank  work,  shall  receive  one  coat  of  approved  paint  or  boiled  linseed  oil.  ?iL 
parts  which  will  be  inaccessible  after  erection  shal]  be  well  painted,  except  as  stated  before. 

39.  After  the  structure  is  erected  and  all  seams  have  been  caulked,  it  shall  be  tested  for 
water- tightness,  and  leaky  places  shall  be  caulked  or  marked.  The  water  shall  then  be  di^ 
charged  and  the  leaky  seams  shall  be  caulked.  Leaky  rivets  shall  be  treated  as  per  Section  35. 
After  the  structure  has  been  standing  empty  for  3  days  it  shall  be  retested.  and  then,  if  all  joims 
are  water-tight,  it  shall  be  given  one  coat  of  approved  paint  both  inside  and  outside  of  the  tank  or 
stand-pipe.  Painting  in  the  open  air  shall  never  be  done  in  wet  or  freezing  weather.  The  owner 
will  select  the  color  of  the  final  coat  of  paint.  I 

40.  The  contractor  shall  guarantee  the  tightness  of  the  tank,  or  stand-pipe,  against  teakagr, : 
when  filled  with  the  liquid  it  is  designed  to  contain. 

Past  IV.    Foundations  fox  Elevated  Tanks  on  Toweks,  and  fob  Stani>-Pipes. 

1.  The  average  permissible  pressure  on  the  soil  is  as  follows: 

Soft  clay I  ton  per  aq.  ft. 

Ordinary  clay a  tons  per  sq.  ft. 

Dry  sand  and  dry  clay 3  tons  per  sq,  ft.  1 

Hard  clay 4  tons  per  sq.  ft.  | 

Gravel  and  coarse  sand 6  tons  per  sq.  ft. 

3.  In  all  cases  a  thorough  investigation  of  the  ground  and  the  site  shall  be  made  before: 
proceeding  with  the  foundations. 

3.  All  foundations  shall  be  carried  below  the  frost  line,  and  the  anchor-bolts  shall  be  placed 
deep  enough  J:o  develop  their  full  strength. 

4.  In  foundations  for  towers  with  inclined  legs  supporting  elevated  tanks  care  shall  be  taken 
that  the  piers  are  constructed  in  such  a  manner,  that  the  resultant  of  the  vertical  and  horiajntal 
forces,  due  to  direct  loads,  passes  through  the  center  of  gravity  of  the  piers. 

5.  Foundations,  in  general,  shall  be  of  concrete  composed  of  1  part  Portland  cement,  3  parts 
sand,  and  g  parts  crushed  stone  or  gravel.  In  special  cases,  where  part  of  the  foundation  is 
under  water,  the  concrete  shall  be  a  i  13:4  mixture. 

Note, — For  specifications  for  mixing  and  placii^  the  concrete  in  the  foundations,  see  Chap- 
ter V. 
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GENERAL  SPECIFICATIONS  FOR  STEEL  WATER  AND  OIL  TANKS.* 

1.  Scoptt  of  Spedflcationa. — Tfaeae  specifications  are  intended  (or  steel  tanks  requiring  plates 
not  more  than  |  in.  thick. 

2.  QiuUitr  of  HetaL — The  metal  in  these  tanks  shall  be  open-hearth  steel.  The  steel  shall 
conform  in  physical  and  chemical  properties  to  the  specifications  of  this  Association  for  steel 

3.  Loading. — The  weight  of  water  shall  be  assumed  to  be  6t  lb.,  crude  oil  56  lb.,  and  creosote 
oil  66  lb-  per  cu.  ft.  Wind  pressure,  acting  in  any  direction,  shal!  be  assumed  to  be,  in  pounds, 
30  times  the  product  of  the  height  by  two-thirds  of  the  diameter  of  the  tank  in  feet. 

A.  Unit  Stressas. — Unit  stresses  shall  not  exceed  the  following: 
(a)  Tension  in  plates,  15,000  lb.  per  sg.  in.  on  net  section. 
ib)   Shear  in  plates,  12,000  lb.  per  sq.  m.  on  net  section. 

(c)  Shear  on  rivets,  13,000  lb.  per  sq.  in.  on  net  section. 

(d)  Bearing  pressure  on  field  rivets,  ao,ooo  Ib.  per  sq.  in. 

5-  Cylindrical  Rings.— Plates  forming  the  shell  of  the  tank  shall  be  cylindrical  antf  Oi  atffeient 
Deters,  in  and  out,  from  course  to  course. 

6.  Workmanship.— All  workmanship  shall  be  first-class.  All  plates  shall  be  beveled  on  all 
edges  for  caulking  alter  being  punched.  The  punching  shall  be  from  the  surface  to  be  in  contact. 
The  plates  shall  be  formed  cold  to  exact  form  after  punching  and  beveling.  All  rivet  holes  shall 
be  accurately  spaced.  Drift  pins  shall  be  used  only  for  bringing  the  parts  tOjgether.  They  shall 
not  be  driven  with  enough  force  to  deform  the  metal  about  the  holes.  Power  riveting  and  caulking 
should  be  used.  A  heavy  yoke  or  pneumatic  buckcr  shall  be  used  for  power  driven  nvets.  Rivet- 
ing shall  draw  the  joints  to  full  and  tight  bearing. 

7.  Cftnlking- — The  tank  shall  be  made  water  or  oil  tight  by  caulking  only.  No  foreign 
substance  shall  be  used  in  the  joints.  For  water  tanks,  the  caulkii^  shall  preferably  be  done 
□n  the  inside  of  tank  and  joint  only;  but  for  oil  tanks  the  caulking  should  be  done  on  both  udes. 
No  form  ol  caulking  tool  or  work  that  injures  the  abutting  plate  shall  be  used. 

g.  Minim  urn   ThickncBB  of  Plates.— The  minimum  thickness  of  plates  in  the  cylindrical 

ert  of  the  tank  shall  not  be  leas  than  i  in.  and  in  fiat  bottoms  not  less  than  ft  in.     In  curved 
ttoms  the  thickness  of  plate  shall  be  not  less  than  that  of  the  lower  plate  in  the  cylindrical  part. 

9.  Horiiontal  and  Radial  Joints.— Lap  joints  shall  generally  be  used  for  horizontal  seams 
and  splices  and  for  radial  scams  in  curved  bottoms. 

10.  Vertical  Joints. — For  vertical  seams  and  splices,  lap  joints  shall  be  used  with  plates  not 
more  than  |  in.  thick.  With  thicker  plates,  double  butt  joints  with  inside  and  outside  straps 
shall  generally  be  used.  The  edge  of  the  plate  in  contact  at  the  intersection  of  horizontal  and 
vertical  lap  joints  shall  be  drawn  out  to  a  uniform  taper  and  thin  edge. 

11.  Rivets,  Rivet  Holes,  Punching  and  Pilch. — For  plates  not  more  than  (  in.  thick,  j  in.. 
rivets  shall  be  used.  For  thicker  plates,  J  in.  rivets  shall  be  used.  The  diameter  of  rivet  holes, 
shall  be  ft  in.  larger  than  the  diameter  of  the  rivets  used.  The  punching  shall  conform  to  the 
specifications  of  this  Association  for  such  work  on  steel  bridges.  A  close  pitch,  with  due  regard 
far  thickness  of  plate  and  balanced  stress  between  tension  on  plates  and  shear  on  rivets,  is  desirable 
for  caulking. 

13.  Tank  Support — If  the  tank  is  supported  on  a  steel  substructure,  the  latter  shall  con- 
form to  the  spedncations  of  this  Association  for  the  manufacture  and  erection  of  steel  bridges, 
except  that  allowance  shall  be  made  for  wind  pressure,  but  not  for  impact. 

13.  Painting. ^In  the  shop  the  metal  shall  be  cleaned  of  dirt,  rust  and  scale  and,  except  the 
■urfaces  to  be  in  contact  in  the  joints  of  the  tank,  shall  be  given  a  shop  coat  of  paint  or  metal 
preservative  selected  and  applied  as  specified  by  the  company. 

After  being  completely  erected,  caulked  and  cleaned  of  dirt,  rust  ai 
work  shall  be  painted  or  treated  with  such  coat  or  coats  of  paint  or  n 
be  selected  by  the  railway  company. 

14.  Plans  and  SpecIflcationB. — Under  these  specifications  and  in  conformity  thereto  the 
railway  company  shall  cause  to  be  prepared  or  shall  approve  detailed  plans  and  specifications  tor 
such  tanks,  herein  specified,  as  it  shall  construct.  Such  plans  and  specifications  shall  cover  all 
necessary  tank  auxiliaries. 

REFERENCES.  Hazlehurst's  "  Towers  and  Tanks  for  Waterworks,"  second  edition,  190*, 
published  by  John  Wiley  &  Sons,  covers  the  design  and  construction  of  steel  stand-pipes  and  steel 
elevated  tanl^  on  steel  towers,  and  supplements  the  data  and  discussion  in  this  chapter.  Con- 
siderable data  on  the  design  and  construction  of  stand-pipes  and  elevated  tanks  on  towers  for 
railway  service  are  given  in  the  annual  reixirts  of  the  proceedings  of  the  American  Railway  En- 
pneenng  Association,  particular  reference  is  made  to  volume  U,  part  a;  volume  12,  part  3,  and 
volume  13. 

•  Adopted,  Am.  Ry.  Eng.  Assoc.,  Vol.  13,  1912, 
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CHAPTER  XII. 

Structural  Drafting. 

Plans  fob  Structures. 

btfodoctioiL — Tlie  plana  for  a  structure  must  contain  all  the  Information  iwcessBry  for  the 
de«gn  of  the  structure,  for  ordering  the  matmal,  for  fabricatii^  the  structure  in  the  shop,  for 
eretrtinK  the  structure,  and  for  making  a  complete  estimate  of  the  material  used  in  the  structure. 
Every  complete  set  of  plana  for  a  structure  must  contain  the  following  information,  in  so  far  as 
the  different  items  apply  to  the  particular  structure. 

In  writing  this  chapter  the  inatnictions  of  many  bridge  companies  have  been  consulted ; 
spedal  credit  heiag  due  the  instructions  prepared  by  the  American  Bridge  Company,  the  Penn- 
aylvsnia  Steel  Company,  and  the  McClintic-MaiBhall  Constructloa  Company. 

I.  General  PUn. — This  will  include  a  pro&le  of  the  ground;  location  of  the  structure;  ele- 
vations of  ruling  points  in  the  structure;  clearances;  grades;  (for  a  bridge)  direction  of  flow,  high 
water,  and  low  water;  and  all  other  data  necessary  for  dedgning  the  substructure  and  supei^ 


3.  StIMa  DUgnin. — Thia  will  give  the  main  dimensiDns  of  the  structure,  the  loading,  stremes 
in  all  members  for  the  dead  loads,  Uve  loads,  wind  loads,  etc.,  itemized  separately;  the  total 
maxiruum  stresses  and  minimum  stresses;  sizes  of  members;  typical  sections  o{  all  built  members 
showing  airangement  of  material,  and  all  infonnatioD  necessary  for  the  detailing  of  the  various 
parts  of  the  structure. 

3.  Shop  Diawlngs. — Shop  detail  dramngs  should  be  made  for  all  steel  and  iron  woric  and 
debul  drawii^^  of  alt  timber,  masonry  and  concrete  work. 

4.  Poimdatlan  ot  Huoniy  Plan. — The  foundation  or  masonry  plan  should  contain  detail 
drawings  of  all  foundations,  walls,  piers,  etc.,  that  support  the  structure.  The  plans  should 
show  the  loads  on  the  foundations;  the  depths  of  footings;  the  spacing  of  piles  when  used;  the 
proportions  for  the  concrete;  the  quality  of  masonry  and  mortarj  the  allowable  bearing  on  the 
soil;  and  all  data  necessary  for  accurately  locating  and  constructing  the  foundations. 

5.  Erection  DUgnun. — The  erection  diagram  should  show  the  relative  location  of  every  part 
<rf  the  structure;  ehippii^  marks  for  the  various  members;  all  main  dimensions;  number  of  pieces 
in  a  member;  packing  of  [nns;  size  and  grip  of  pins,  and  any  special  feature  or  information  that 
may  assist  the  erector  in  the  field.  The  approximate  we^ht  of  heavy  pieces  will  materially  assist 
the  erector  in  designing  his  falsework  and  derricks. 

6.  PaUewoik  Plans. — Fot  ordinary  structures  it  is  not  common  to  prepare  falsework  plans 
in  the  lAx,  this  important  detail  being  left  to  the  erector  in  the  field.  For  difHcult  or  important 
work  erection  plans  should  be  worked  out  in  the  office,  and  should  show  In  detail  all  members  and 
connections  ci  the  falsework,  and  also  give  instructions  for  the  successive  steps  in  carrying  out 
the  work.  Falsework  plans  are  especially  important  for  concrete  and  masonry  arches  and  other 
concrete  structures,  and  for  forms  for  all  walls,  piers,  etc.  Detail  plans  of  travelers,  derricks, 
etc.,  should  also  be  furnished  the  erector. 

7.  BUla  of  Material. — Complete  bills  of  material  showing  the  different  parts  of  the  structure 
with  its  mark,  and  the  shipping  weight  should  be  prepared.  This  is  necessary  in  checking  up 
the  material  to  see  that  it  has  all  been  shipped  or  received,  and  to  check  the  shipping  weight. 

8.  BJret  UsL — The  rivet  list  should  show  the  dimensions  and  number  of  all  field  rivets, 
field  bolts,  spikes,  etc..  used  in  the  erection  of  the  structure. 

9.  list  of  DfRWlngB. — A  list  should  be  made  showing  the  contents  of  all  drawings  beloiming 
to  the  structure. 
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Structural  Dkawings. 

METHODS. — The  drawings  for  structura!  steel  work  differ  from  the  drawings  for  macbioer>' 
a  that  (o)  two  scales  are  used,  one  for  the  length  of  the  member  or  the  skeleton  of  the  Btructure. 
.nd  one  for  the  details;  (fr)  members  are  commonly  shown  by  one  projection;  and  (e)  the  drawings 
xe  not  to  exact  scale,  all  distances  being  governed  by  6guree. 

TVo  methods  are  used  in  maki:^  shop  drawings. 


Fig.  I,     Truss  Joint,  Completely  Detailed. 

(i)  The  first  method  is  to  make  the  drawings  so  complete  that  the  templets  can  be  made 
for  each  individual  piece  on  the  bench.  This  method  is  used  for  at!  large  trusses  and  members, 
and  where  there  is  not  room  to  lay  the  member  out  on  the  templet  shop  floor.  The  details  tor  the 
joint  of  a  Fink  roof  truss  completely  detailed  are  shown  in  Fig.  i.  A  joint  of  a  roof  truss  of  the 
locomotive  shop  of  the  A.  T.  &  S,  F.  Ry.,  at  Topeka,  Kansas,  is  completely  detailed  in  Fig.  2, 

(2)  The  second  method  is  to  give  on  the  drawings  only  sufficient  dimensions  to  locate  the 
position  of  each  member,  the  number  of  rivets,  and  the  sizes  of  members,  leaving  the  details  to 
be  worked  out  by  the  templet  maker  on  the  laying-out  floor.  Sufficient  data  should  be  given 
to  definitely  locate  the  main  laying-out  points.  The  interior  pieces  should  be  located  by  center 
lines  corresponding  to  the  gage  lines  of  the  angles,  or  center  line  of  the  piece,  as  the  case  may  be. 
The  rivet  spacing  should  be  given  complete  for  members  detailed  on  different  sheets,  or  where 
it  is  necessary  to  obtain  a  required  clearance,  and  other  places  where  it  will  materially  assist  the 
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templet  maker.  The  drawings  should  indicate  the  number  and  arrai^ment  of  the  riveta  in  each 
:»>Daectioii,  as  well  as  the  maxiinum,  the  usual  and  the  minimum  rivet  pitch  allowed.  Sketch 
details  of  the  joint  which  was  completely  detailed  in  Fig.  i  are  shown  in  Fig.  3,  and  the  outline 
detail*  of  a  roof  truss  by  the  second  method  are  shown  in  Fig.  4. 
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Fig.  a.    Joint  of  Roof  Truss  Complbtely  Dbtailbd. 
(Section  of  Shop  Details  of  Root  Truss.) 

Members  may  be  detailed  in  the  position  which  they  are  to  occupy,  or  they  may  be  detailed 
separately.  For  riveted  trusses  and  riveted  members  the  entire  truss  or  member  should  be 
detailed  in  pontion.  The  detail  shop  plans  for  a  riveted  biace  are  shown  in  Fig.  5.  The  field 
rivets  are  shown  by  black  and  the  shop  rivets  by  open  circles.  The  center  lines  are  indicated  by 
dotted  lines.  Light  full  black  lines  are  commonly  used  Tor  dimension  lines,  while  red  dimension 
lines  are  sometimes  used  but  do  not  make  as  good  blue  prints  as  black  lines. 

RULES  FOR  SHOP  DRAWIWGS.— The  following  rules  are  essentially  those  in  use  by 
the  best  bridge  and  structural  shops. 

Size  of  ShMt. — The  standard  size  of  sheet  shall  be  34  X  36  in.  with  two  border  lines  )  and  I  in. 
Irota  the  edge  respectively,  see  Fig.  6.    Sheets  18  X  24  in.  with  two  border  lines  }  and  I  in. 
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from  the  edge  respectively,  may  also  be  used.     For  beam  sheets,  bills  of  material,  etc.,  use  letter 
size  sheets  8i  X  ii  in. 

Title. — The  title  shall  be  arraoged  unifortnly  for  each  contract  and  shall  be  placed  in  the 
lower  right  hand  earner.  The  title  shall  contain  the  name  of  the  job,  the  description  of  ibe 
details  on  the  sheet,  the  number  of  the  sheet,  spaces  for  approval  and  other  information  as  shown 
in  Fig.  6. 

Scale. — The  scale  of  the  lengths  of  the  members  or  skeleton  of  the  structure  shall  be  1,  or  |,   i 
or  iin.  to  I  ft.,  depending  upon  theavailablespaceand  the  complexity  of  the  member  or  structure. 
Shop  details  shall  as  a  rule  be  made  ]  or  I  in.  to  I  ft.     For  small  details  1}  and  3  in.  to  i  ft.  may 
be  used;  while  for  large  plate  girders  i  or  f  in.  to  i  ft.  may  be  used. 

Views  Shown. — Drawings  shall  be  neatly  and  carefully  made  to  scale.  Members  shall  be 
detailed  in  the  position  which  they  will  occupy  in  the  structure;  horizontal  members  being  shown 
lengthwise,  and  vertical  members  crosswise  on  the  sheet.     locUned  members  (and  vertical  members 
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Fig.  3.    Truss  Joint,  Skbtch  Detailed. 

when  necessary  on  account  of  space)  may  be  shown  lengthwise  on  the  sheet,  but  then  only  with 
the  lower  end  on  the  left.  Avoid  notes  as  far  as  possible;  where  there  is  the  least  chance  for 
ambiguity,  make  another  view. 

In  truss  and  girder  spans,  draw  the  innde  view  of  the  far  truss,  left  hand  end,  Fig.  7,  The 
piece  thus  shown  will  be  the  right  hand,  and  need  not  be  marked  right.  In  cases  where  it  is 
neceuary  to  show  the  left  hand  of  a  piece,  mark  "left-hand  shown"  alongside  the  shipping  mark. 

Show  all  elevations,  sections  and  views  in  their  proper  position,  lookii^  toward  the  member. 
Place  the  top  view  directly  above,  and  the  bottom  view  directly  below  the  elevation.  The  bottom 
view  should  always  consist  of  a  horizontal  section  as  seen  from  above. 

In  sectional  views,  the  web  (or  gusset  plate)  shall  always  be  blackened;  angles,  fillers,  etc., 
may  be  blackened  or  cross-hatched,  but  only  when  necessary  on  account  of  clearness.     In  a  plate 
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{irder,  for  example,  it  is  not  necesaaiy  to  blacken  or  croea-hatch  all  the  fillers  and  Btiffenera  in  the 
bottom  view. 

Holes  for  field  connectiona  shall  always  be  blackened,  and  shall,  as  a  rule,  be  shown  in  all 
Hevations  and  sectional  views.  Rivet  heads  shall  be  shown  only  where  necessary;  for  example, 
)t  the  ends  of  memben,  around  Geld  connections,  when  countersunk,  flattened,  etc.  In  detailing 
members  wrhich  adjoin  or  connect  to  others  in  the  structure,  part  of  the  latter  shall  be  shown  in 
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Fig.  5.    Shop  Details  of  Bkace. 
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Fig.  6.    Stamdaro  Sheet  and  Title  pok  Structukal  Drawings. 
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dotted  lines,  or  in  red,  sufficiently  to  indicate  the  clearaoce  required  or  the  nature  of  the  cc 
Plain  building  work  ig  exempted  from  this  rule. 

A  diagram  to  a  small  scale,  showing  the  relative  position  of  the  member  in  the  e 
shall  appear  on  every  sheet,  Fig.  8  and  Fig.  9.  The  members  detailed  on  the  sheet  shall  be  shon: 
by  heavy  black  lines,  the  remainder  of  the  structure  in  light  black  lines.  Plain  building  worki 
exempt  from  this  rule. 

CONV£NTIONAL  3IGN3  FOR' FIVET3 

+ 


Conventional  Signs  for  Rivbts. 

When  part  of  one  member  is  detailed  the  same  as  another  member,  figures  for  rivet  spaciru 
need  not  be  repeated;  refer  to  previous  sheet  or  sheets,  bearing  in  mind  that  these  must  contaii 
final  information.  It  is  not  permissible  to  refer  to  a  sheet,  ivkich  in  lum  refers  to  another  sheet.  Thi 
section,  finished  length,  and  the  assembling  mark  for  each  member  shall  be  shown  on  every  sheci 
Main  dimensions  which  are  necessary  for  checking,  such  as  c.  to  c.  distances,  story  haghts,  etd 
shall  be  repeated  from  sheet  to  sheet.  Holes  for  field  connections  must  always  be  located  ind^ 
pendently,  even  if  figured  in  connection  with  shop  rivets;  they  shall  be  repeated  from  sheet  10 
sheet  unless  they  arc  standard,  in  which  case  they  shall  be  identified  by  a  mark  and  the  shcfi 
given  on  which  they  are  detailed. 

The  quality  of  material,  workmanship,  size  of  rivets,  etc,  shall  be  specified  on  every  sheet  as 
far  as  it  refers  to  the  sheet  itself.     Standard  workmanship  need  not  be  specified  on  each  sheet. 

Lettering. — Engineering  News  lettering  as  developed  by  Reinhardt  in  his  book  on  fieehand 
lettering  shall  be  used  on  all  drawings.  Preferably  main  titles  and  sub-titles  shall  be  vertical 
and  the  remainder  of  the  lettering  inclined.  The  height  of  letters  shall  be  as  follows;  Main  titles- 
capitals  15/50  in.,  small  capitals  la/so  in.;  sub-titles— capitals,  full  height  lower  case  letters  and 
numerals  5/ao  in.,  lower  case  letters  3/30  in.;  other  lettering — capitals,  full  height  lower  case  Icllcn 
and  numerals  5/30  in.,  lower  case  letters  3/30  in.  Where  the  drawing  is  crowded  thebody  of  the 
lettering  may  be  5/40  in.  and  3/40  in.  respectively.     The  followii^  pens  are  recommended:    For 
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ritles  Leonardt  &  Co. 'a  Ball- Pointed  No.  516F;  for  all  other  lettering  Hunt  Pen  Co. 'a  extra  fine  Shot 
Point,  No.  51a.  No  pen  finer  than  Gillott'a  No.  303  should  be  used.  Light  pencil  guide  lines 
ihall  be  drawn  for  all  lettering.  All  tracings  shall  be  made  on  the  dull  side  of  the  tracing  cloth. 
Erasures  shall  be  made  with  soft  rubber  pencil  eraser  and  a  metal  shield.  Rubber  erasers  con- 
raining  sand  destroy  the  surface  of  the  cloth  and  make  it  difficult  to  ink  over  the  erased  spot. 
The  use  of  knives  or  steel  erasers  will  not  be  permitted.  Tracings  shall  be  cleaned  with  a  very 
soft  rubber  eraser,  and  not  with  gasolene  or  benzine,  which  destroy  the  finish  of  the  tracing  cloth. 
All  lines  shall  preferably  be  made  with  black  India  ink;  full  lines  to  represent  members,  dash  and 
iot  to  represent  center  lines,  and  dotted  lines  (or  full  light  black  lines)  to  represent  dimension 
lines.  If  permitted  by  the  chief  draftsman  red  ink  may  be  used  for  dimension  and  center  lines. 
The  ends  of  dimension  lines  shall,  however,  always  be  indicated  by  arrows  made  with  black 
ink. 

CoDTentional  Signs. — Conventional  signs  for  rivets  are  shown  In  Fig.  10.  Countersunk 
rii-ets  project  J  in.;  if  less  height  of  rivets  is  required,  drawings  shall  specify  that  they  are  to  be 
chipped,  or  the  maximum  projection  may  be  specified.  Flattened  heads  project  |  in.  to  -fr  in.; 
ii  less  height  of  heads  is  required,  they  shall  be  countersunk.  Metals  in  section  shall  be  shown 
as  in  Fig.  11.     Standards  for  rivets  and  riveting  are  given  in  Fart  II,  which  see. 

UatUag  System. — A  shipping  mark  shall  be  given  to  each  member  in  the  structure,  and  no 
dissimilar  pieces  shall  have  the  same  mark.  The  marks  shall  consist  of  capital  letters  and  num- 
erals, or  numerals  only;  no  small  letters  shall  be  used  except  when  sub-marking  becomes  absolutely 
necessary.  The  letters  R  and  L  shall  be  used  only  to  de^nate  "right"  and  "left."  Never  use 
the  work  "marked"  in  abbreviated  form  in  front  of  the  letter,  for  example  say,  3  Floorbeams  G4, 
and  not,  3  Floorbeams,  Mk.  G4.  Whenever  a  structure  is  divided  up  into  different  contracts  care 
should  be  taken  not  to  duplicate  shipping  marks.     Pieces  which  are  to  be  shipped  bolted  on  a 
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Steel         Cast  Iron       Cast  Steel        Bronze 
II.    Conventional  Signs  for  Metals. 


member  shall  also  have  a  separate  mark,  in  order  to  identify  them  should  they  for  some  reason 
or  another  become  detached  from  the  main  member.  The  plans  shall  specify  which  pieces  are 
to  be  bolted  on  for  shipment,  and  the  necessary  bolts  shall  be  billed.  For  standard  marking 
system  for  a  truss  bridge,  see  Fig.  7. 

A  system  of  assembling  marks  shall  be  established  for  all  small  pieces  in  a  structure  which 
repeat  themselves  in  great  numbers.  These  marks  shall  consist  of  small  letters  and  numerals 
or  numerals  only;  no  capftal  letters  shall  be  used;  avoid  prime  and  sub-marks,  such  as  Ma'.  Pieces 
that  have  the  same  assembling  mark  must  be  alike  in  every  respect;  same  section,  length,  cutting 
and  punching,  etc. 

Shop  BIIIb. — Shop  bills  shall  be  written  on  special  forms  provided  for  the  purpose.  When 
the  bills  appear  on  the  drawings  as  well,  they  shall  either  be  placed  close  to  the  member  to  which 
they  belong  or  on  the  right  hand  side  of  the  sheet.  When  the  drawings  do  not  contain  any  shop 
bills,  these  shall  be  so  written  that  each  sheet  can  have  its  bill  attached  to  it  if  desired;  one  page  of 
ihop  bills  shall  not  contain  bills  for  two  sheets  of  drawings.  In  large  structures  which  are  sub- 
divided into  shipments  of  suitable  size,  both  mi!I  and  shop  bills  must  be  written  separately  for 
each  shipment.  In  writing  the  shop  bill  bear  in  mind  that  it  shall  serve  as  a  guide  for  the  laying 
out  and  assembling  of  the  member,  besides  being  a  list  of  the  material  required.  For  this  reason 
members  which  are  radically  different  as  to  material  shall  not  be  bunched  in  the  same  shop  bill, 
neither  shall  {»eces  which  have  different  marks  be  bunched  in  the  same  item,  even  it  the  material 
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u  the  same.  Bill  first  the  nuun  material  in  the  member,  and  follow  with  the  smaller  pieces,  begin' 
ning  at  the  left  end  of  a  girder,  or  at  the  bottom  of  a  pout  or  girder.  On  a  column  each  diiferciil 
bracket  shall  be  billed  complete  by  itself.  Do  not  bill  first  all  the  angles  and  then  all  the  flats; 
for  example  when  the  end  BtifTeners  in  a  girder  are  billed,  the  fillers  belonging  to  them  shall  folloi 
immediately  after  the  angles,  and  so  on. 

When  machine- finished  surfaces  are  required,  the  drawing  and  the  shop  bill  shall  specify  the 
finished  width  and  length  of  the  piece,  the  proper  allowance  for  shearing  and  planing  being  madt 
in  the  mill  bill.  When  the  metal  is  to  be  planed  as  to  thickness,  the  drawing  and  the  shop  biQ 
shall  specify  both  the  ordered  and  the  finished  thickness;  one  pi.  ij  in,  X  t  in,  X  i  ft.  6  in.  (planed 
from  13/16  in.). 

Field  RfTetS.—A  "  Bill  of  Field  Rivets"  shall  be  made  for  each  structure.  The  "  Bill  of  Fiek! 
Rivets"  shall  give  in  order  the  number,  diameter,  grip,  length  and  the  location  of  the  rivets  in 
the  structure.  The  number  of  field  rivets  to  be  furnished  to  the  erector  shall  be  the  actual  number 
of  each  diameter  and  length  required,  plus  15  per  cent,  plus  10. 

Field  bolts  shall  be  billed  on  "bill  of  rivets  and  bolts"  only.  Bill  them  umilariy  to  field  rivets, 
and  give  the  drawing  number  on  which  they  are  shown;  4— bolts  }  in.  X  a  in.  grip,  3  in.  U.  H. 
stringers  "S"  to  floorbeam  "F"  drawing  No.  13,  4  heic.  (or  4  square)  nuts  for  above  bolts.  Bill 
of  bolts  and  bill  of  field  rivets  shall  be  prepared  and  placed  in  the  shop  in  time  to  be  made  with 
other  material. 

Oeneral  Notes. — Full  information  regarding  the  following  points  shall  appear  on  the  drawii^s. 

where  practicable  as  "General  Notes."    Loading  ,  Specifications ,  Material 

,  Rivets Open  Holes Reaming  Requirements ,  Other  Special 

Requirements ,  Painting. 

Erection  Plan. — Make  erection  plans  simultaneously  with  the  shop  plans,  and  keep  same  up 
to  date.  The  erection  plans  must  show  plainly  the  style  of  connections;  joints  in  pin  spans  are  to 
be  shown  separately  to  a  larger  scale.  For  the  erection  plan  of  a  truss  bridge  see  Fig.  7.  Shipping 
bills  showing  the  number  of  pieces,  erection  mark,  and  weight  shall  be  made  for  each  shipment 

Subdivlslona. — Every  contract  embracing  different  classes  of  work  shall  have  a  subdivision 
for  each  class.  These  subdivisions  will  be  furnished  by  the  chief  draftsman.  Drawings,  shop 
and  shipping  bills  must  be  kept  separate  for  each  class. 

PLATE  GIRDER  BRIDGES,— General  Rules.— The  plate  girder  span  shall  be  laid  out 
with  regard  to  the  location  of  web  splices,  stifleners,  cover  plates,  and  in  a  through  span,  floor- 
beams  and  stringers,  ao  that  the  material  can  be  ordered  at  once.  Locate  splices  and  stiSeners 
with  a  view  of  keeping  the  rivet  spacing  as  regular  as  possible;  put  small  fractions  at  the  end  of 
girder.  Stilleners,  to  which  cross-fiames  or  Hoorbeams  conner.t,  must  not  be  crimped,  but  shall 
always  have  fillers.  The  outstanding  leg  shall  not  be  less  than  4  in.,  gaged  a)  in. ;  this  will  enable 
cross-frames  or  fioorbeams  to  be  swung  into  place  without  spreading  the  girders.  The  second  pair 
of  stiffeners  at  the  end  of  girder  over  the  bed-plate  shall  be  placed  so  that  the  plate  will  project 
not  less  than  i  in.  beyond  the  stiffeners. 

Always  endeavor  to  use  as  few  sizes  as  possible  for  stiffeners,  connection  plates,  etc.,  and 
avoid  all  unnecessary  cutting  of  plates  and  angles.  For  this  purpose  locate  end  holes  for  laterals 
and  diagonals  so  that  the  members  can  be  sheared  in  a  single  operation.  In  spans  on  a  grade, 
unless  otherwise  specified,  put  the  necessary  bevel  in  the  bed-plate  and  not  in  the  base-plate. 
In  short  spans,  say  up  to  50  ft.  put  slotted  holes  for  anchor-bolts  in  both  ends  of  girders,  {  in. 
larger  diameter  than  the  anchor  bolts. 

In  square  spans,  show  only  one-half,  but  give  all  main  dimensions  for  the  whole  span.  In 
skew  spans  show  the  whole  span;  when  the  panels  in  one-half  of  span  are  same  as  in  the  other 
half,  give  the  lengths  of  these  panels,  but  do  not  repeat  rivet-spacing,  except  where  it  diffeis. 

In  the  small  scale  diagram,  which  shall  appear  on  every  sheet,  unless  span  is  drawn  in  full, 
show  the  position  of  stiffeners,  particularly  those  to  which  cross-frames  or  floorbeams  connect. 

Deck  Plate  Girder  Spans.— On  top  of  sheet  show  a  top  view  of  span,  irith  cross-frames, 
laterals  and  their  connections  complete,  with  the  girders  placed  at  right  distances  apart.    Bekw 
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this  view  show  the  elevation  of  the  (ar  girder  as  seen  from  the  inside,  with  all  field  hole*  in  Banges 
and  BtifTenere  indicated  and  blackened.  At  one  end  of  the  elevation  show  in  red  the  bridge-seat 
and  back  wall,  give  figures  for  distance  from  base  of  rail  to  top  of  masonry,  notch  of  ties,  depth 
of  girder,  thickness  of  base-plate  and  of  bed-plate  or  shoe.  When  the  other  end  of  girder  has  a 
different  height  from  base  of  rail  to  masonry,  give  both  figures  at  the  one  end,  and  specify  "for 
this  end"  and  "for  other  end."  If  span  has  bottom  lateral  bracing,  a  bottom  view  (horizontal 
section)  shall  be  shown  below  the  elevation.  When  no  bottom  laterals  are  required,  show  only 
end  or  ends  of  lower  flange  of  girder,  giving  detail  of  base-plate  and  its  connection  to  the  flange. 
Detail  the  bed-plate  separately,  never  show  it  in  connection  with  the  base-plate. 

Cross-frames  shall,  whenever  posuble,  be  detailed  on  the  right  band  of  the  sheet  in  line  with 
the  elevation.  The  frame  thaU  be  made  of  such  depth  as  to  permit  it  being  swung  into  place  with- 
out interfering  with  the  heads  of  the  flai^^e  rivets  in  the  girders.  Always  use  a  plate,  not  a  washer 
with  one  rivet,  at  the  intersection  of  diagonals.  In  skew  spans  it  is  always  preferable  to  have  an 
uneven  number  of  panels  in  the  lateral  system. 

Throngh  Piste  Girder  ^tuu. — Show  on  top  of  sheet  an  elevation  of  the  far  girder  as  seen  from 
inside;  below  this  view  show  a  horizontal  section  of  span  as  seen  from  above  with  the  lateral  system 
detailed  complete.  It  is  generally  best  to  show  floorbeams  and  stringers  in  red  in  this  view  and  to 
detail  them  on  a  separate  sheet.  The  stiflcners  in  a  through  span  should  always  be  arranged  so 
that  the  floor  syetera  can  be  put  in  place  from  the  center  towards  the  ends.  What  is  said  under 
"  deck  spans  "  about  showing  bridge-seat,  back  wall,  detailing  bed-plate  separately,  etc.,  applies 
to  through  spans  as  well. 

TRUSS  BRIDGES.— General  Rnles.— Before  any  details  are  started  all  c.  to  c.  lengths  of 
chords,  posts,  diagonals,  etc.,  shall  be  determined,  and  sketches  made  of  shoes,  panel-points, 
splices,  etc.,  so  that  the  material  can  be  ordered  as  soon  as  required. 

If  not  otherwise  specified,  camber  shall  be  provided  in  the  top  chord  by  increasing  the  length 
t  in.  for  every  lo  ft.  for  railroad  bridges,  and  A  '"■  for  every  lo  ft.  for  highway  bridges.  This 
increase  in  length  shall  not  be  con^dered  in  figuring  the  length  of  the  diagonals,  except  in  qiecial 
cases,  as  directed  by  the  engineer  in  charge.  Half  the  increase  in  length  shall  be  considered  in 
figuring  the  length  of  the  top  laterals.  Particular  attention  must  be  paid  to  what  is  said  under 
"General  Rules"  about  showli^  part  of  adjoining  member  in  red,  and  about  the  small  scale  dia- 
gram on  every  sheet. 

For  every  tnisa  bri<^  an  erection  diagram  shall  be  made  on  a  separate  sheet,  givii^  the  ship- 
ping marks  of  the  different  members  and  all  main  dimensions,  such  as  c.  to  c.  trusses,  height  of  truss, 
number  and  length  of  panels,  length  of  diagonals,  distance  from  base  of  rail  to  masonry,  distance 
from  center  of  bottom  chord  or  pin  to  masonry,  size  and  grip  of  pins  (Fig.  7),  also  show  in  larger 
■cale  the  packing  at  panel  points,  state  any  special  feature  which  the  erector  needs  to  look  out  for, 
aad  give  approximate  weight  of  heavy  and  important  pieces  when  their  weight  exceeds  five  tons. 
If  in  any  place  it  is  doubtful  whether  rivets  can  be  driven  in  the  field,  the  erection  digram  and 
also  the  detail  drawings  shall  state  that  "turned  bolts  may  be  used  if  rivets  cannot  be  driven." 
A  list  giving  number  and  contents  of  drawii^  beloi^ng  to  the  bridge  shall  also  appear  on  the 
erection  diagram  sheet. 

Riveted  Truss  Bridges. — In  square  spans,  not  too  large,  show  the  left  half  of  the  far  truss  as 
<cen  from  the  inside  and  detail  all  members  in  their  true  position,  making  scale  of  the  skeleton  one- 
half  the  scale  of  the  details.  In  skew  spans,  not  symmetrical,  show  the  whole  of  the  far  truss.  In 
large  spans  detail  every  member  separately.  When  detailing  web  members  bear  in  mind  that  the 
■ntersection  point  on  the  chord  must  not  be  used  as  a  working  point  for  a  member  which  stops 
outside  of  the  chord.  A  separate  working  point,  preferably  the  end  rivet,  shall  be  established  on 
the  member  proper,  and  shall  be  tied  up  with  the  intersection  point  on  the  chord. 

The  clearance  between  the  chord  and  a  web  member  entering  same  shall,  whenever  possible, 
he  not  less  than  i  in.  in  heavy  and  A  in.  in  light  structures. 

Members  shall  be  marked  with  the  panel  points  between  which  they  go,  for  example,  end- 
P«t  t^Uii  hip  vertical  Vi-Ln  top  chord  Ur-U,,  etc.,  see  Fig.  7. 
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nn-coasected  Tnisa  Bridgea. — In  pin-connected  truss  bridges  detail  the  left  half  of  the  far 
truss  as  seen  from  the  inside,  every  member  by  itself.  It  is  generally  best  to  commence  with  the 
end-post,  showing  it  lei^hwise  on  the  sheet  with  the  lower  end  to  the  left;  then  the  first  section 
of  the  top  chord,  and  so  on.  The  packing  at  panel  points  shall,  whenever  possible,  be  so  arranged 
that,  bewdes  the  customary  allowance  of  A  in.  for  every  bar,  a  clearance  of  not  less  than  j  in.  can 
be  provided  between  the  two  ddee  of  the  chord.  When  two  or  more  plates  are  used,  -fi  in.  should 
in  addition  be  allowed  for  each  plate.  Members  shall  be  marked  the  same  as  for  riveted  truss 
bridges,  with  the  panel  points  between  which  they  go.  see  Fig.  7. 

Order  of  Detailing  Truss  Spans. — In  making  detail  plans  and  bills  of  material  the  following 
order  shall  be  followed  for  truss  spans. 

I.  General  drawing;  7.  Upper  laterals; 

a.  End-posts;  8.  Lower  laterals; 

3.  Upper  chords;  9.  Floorbeams; 

4.  Lower  chords;  lO.  Stringers; 

5.  Intermediate  posts;  11.  Castings,  bolts,  eye-bars,  pins,  etc. 

6.  Sway  bracing; 

OFFICE  BUILDINGS  AND  STEEL  FRAME  BOILDINGS.— Number  of  DrawlagB. — The 
different  sheets  shall  be  numbered  consecutively,  whether  large  or  small.  No  half  numbera  are 
permis«ble  except  in  emergency  cases.  It  is  always  well  to  arrange  the  number  so  that  the  sheets 
follow  in  the  order  in  which  the  material  is  required  at  the  building.  The  following  is  generally 
a  good  order: 

I.  Floor  plans  for  all  floors; 

3.  Column  schedule; 

3.  Cast-iron  bases  for  columns; 

4.  Foundation  girders; 

5.  Foundation  beams; 

6.  First  tier  of  ccdumns; 

7.  Riveted  girders,  connecting  to  first  tier  of  columns 

8.  Beams  connecting  to  first  tier  of  columns; 

9.  Miscellaneous  material  for  above; 
10.  Second  tier  of  columns,  etc.,  etc. 

Floor  Plans. — Floor  plans.  Fig.  12,  shall,  as  a  rule,  be  made  to  a  scale  J  in.  to  I  ft.  A  separate 
plan  shall  be  made  for  each  floor,  unless  they  are  exactly  alike.  Columns  shall  be  marked  consec- 
utively with  numerals,  the  word  Col.  always  appearing  in  front  of  the  numeral,  for  example. 
Col.  ZO.  The  architect  or  engineer  h&s  generally  on  his  drawing  adopted  a  system  of  marking  for 
the  columns,  which  should  be  adhered  to,  unless  altogether  too  impracticable.  Riveted  girders 
shall  be  indicated  with  two  (2)  fine  lines  when  they  have  cover  plates,  and  with  four  (4)  fine  lines 
when  they  have  no  cover  plates.  TTiey  shall  be  marked  consecutively  with  numerals,  using  the 
same  marks  for  girders  which  arc  alike.  Beams  and  channels  shall  be  indicated  with  one  single 
heavy  line.  They  shall  be  marked  the  same  as  girders,  with  numerals,  using  same  marks  when 
alike.  Tie-rods  shall  be  indicated  with  one  single  fine  line;  they  need  not  have  any  marks.  The 
marking  system  shall  be  as  uniform  as  possible  for  the  different  Boors,  i.  e.,  a  beam  which  goes 
between  Col.  1  and  Col.  3  shall  be  marked  with  the  same  numeral  throughout  all  the  floors.  All 
figures  necessary  for  making  the  details  shall,  as  a  rule,  appear  on  the  floor  plan,  care  beii^  taken 
in  writing  same  to  leave  room  for  the  erection  marks,  which  must  be  printed  in  heavy  type  aboi'e 
the  line  or  lines  representing  a  beam  or  girder. 

Column  Schedule.— For  every  large  building  a  schedule  of  the  columns  shall  be  made  before 
the  details  are  started,  see  Fig.  13.  Each  column,  even  should  several  be  alike,  shall  have-a  separ- 
ate space,  in  which  shall  be  given  the  material  and  the  finished  lei^h.  As  soon  as  the  detail 
drawings  for  one  tier  of  columns  are  finished  the  sheet  numbers  shall  be  inserted  as  shown  on  the 
sample  schedule,  Fig.  13,  making  the  schedule  serve  as  an  index  for  the  column  drawings. 
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CftlttmnB. — Columns  shall,  whenever  possible,  be  drawn  standing  up  on  the  sheets  as  they 
appear  in  the  building.  If  it  becomes  necessary  to  draw  them  lengthwise  on  the  sheet,  the  base 
shall  be  to  the  left.  Particular  attention  shall  be  paid  to  establishing  a  marking  system  for 
brackets,  splice-plates,  etc.     A  summary  of  all  these  standard  pieces  shall  be  made  for  each  tier 
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Fig.  13.    Floor  Plaks  por  Office  Biiilpings. 

and  sent  to  the  shop  as  early  as  practicable,  in  order  that  they  may  be  gotten  out  before  the  main 
material  is  taken  up.  The  material  for  the  small  pieces  shall,  as  far  as  possible,  be  chosen  from 
stock  sizes.  Columns  shall  be  marked  with  the  numbers  of  the  floors  between  which  they  go; 
CoL  5  (i-g).  The  lower  tier  is  best  marked  "  Basement  Tier."  Standard  details  for  columns  are 
given  in  Fig.  14  and  Fig.  15. 

BlTvted  Girders. — Girders  shall  be  marked  with  the  number  of  the  floors,  not  with  letters. 
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unleM  Tcquested ;  for  example,  2d  Floor,  No.  5.  What  is  said  under  columns  about  marldng  Eysten: 
{or  standard  pieces  applies  to  girders  as  well.  When  a  girder  ia  unBymmetrical  about  the  centc 
line,  and  a  question  may  arise  how  to  erect  it,  one  end  shall  be  marked  with  the  number  o(  thr 
column  to  which  it  connects,  or  with  North,  South,  East  or  West.     Girders  must  not  be  bunched 
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Fig.  13.    Column  5cH£Dtn.E  for  Oppice  BtnLDiNcs. 

together  for  the  different  Boors  more  than  to  meet  the  requirements  in  the  field;  but  they  must 
correspond  to  the  tiers  of  columns  as  they  will  be  erected. 

Beams. — Beams  shall  be  drawn  on  the  standard  forms  provided  for  the  purpose.  They 
need  not  be  drawn  to  scale,  see  Pig.  16  and  Fig.  17.  Beams  shall  be  marked  the  same  as  girden 
with  the  number  of  the  floor;  One  12"  I  @  40  lb,  X  l9'-3i",  (Mark)  2d  Floor  No.  35.  What 
is  said  under  girders  about  markii^  one  end,  when  not  symmetrical  around  the  center  line,  and 
about  not  bunching  the  different  floors  more  tlian  to  meet  the  requirements  in  the  field,  applies 
to  beams  as  well. 

Whenever  possible  use  standard  framing  angles,  Tables  117  and  1 18,  Part  11.  If  it  is  deemed 
necessary  to  use  6  in.  X  6  in.  angles,  punch  bothlegs  thesameas  the6in.  legof  standard;in3)iii.  X 
aJ  in.  or  4  in.  X  3)  in.  angles,  punch  both  legs  the  same  as  4  in.  leg  of  standard.     It  ia  not  abso- 
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lutely  imperative  that  the  g^[eof  the  framing  angles  Bhall  be  standard  as  longu  theverticaldwtance 
between  the  holes  and  in  the  6  in.  leg  the  horizontal  distance  (aj  in.),  are  kept  standard.  Holes 
for  connections,  tie-rxxls,  etc.,  shall  be  located  from  one  end  of  the  beam,  preferably  the  left.  If 
one  end  rests  on  the  wall  and  the  other  end  is  framed,  then  figure  from  the  latter  end,  be  it  right 


Fig.  14.    Standard  Details  pox  Bethlehem  H'C(h.tiiins. 

or  left.  This  rule  may  be  dispensed  with  in  case  of  numeiOus  holes  regulariy  spaced  in  web  or 
flai^e  far  connection  of  shelf-angles,  buckle- plates,  etc.  The  allowed  overrun  at  ends  of  beams 
must  always  be  indicated,  either  by  giving  figures  or  by  showing  wall  bearing.    Holes  at  the  end 
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Fig.  15.    StandaiU)  Details  fok  Built-up  H-CoLDion. 
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of  beam  for  anchors  are  best  figured  from  wall  end,  not  cancecting  them  with  other  figure*.  Tbc 
distance  between  end  holes  in  beams  which  connect  through  web  or  fla:^e  to  columns,  girders,  etiL, 
shall  always  be  given.  When  framing  angles  are  standard,  do  not  give  any  figures  for  either  shop 
or  field  rivets,  except  the  distance  from  bottom  of  beam  to  center  of  connection  or  to  first  holes  ic 
framing  angle,  and  the  horizontal  distance  between  field  holes.  When  special  framing  angles  aii 
used,  tHe  fact  must  be  noted  and  figures  given  for  gages,  etc.  For  standard  connection  holes  in 
web  of  beam  all  figures  required  are  the  distance  from  bottom  of  beam  to  centre  of  connection  o: 
to  first  hole  and  the  horizontal  distance  between  holes.    Whenever  possible  use  standard  punchu^. 
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Fig.  17.    Standard  Details  for  Rolled  Beahs. 

■  ERECTIOIT  PLAN  FOR  MILL  BUILDINGS.— The  preceding  method  for  office  buildii^s 
will  need  considerable  modification  for  steel  frame  mill  buildings.  The  following  method  for  I 
making  erection  plans  for  steel  frame  mill  buildings  has  been  found  very  satisfactory. 

If  ibe  points  of  the  compass  are  known,  mark  all  pieces  on  the  north  side  with  the  letter.  N'. 
those  on  the  south  with  the  letter,  S,  etc  Mark  girts  N.G.i;  N.G.2;  etc.  Mark  all  posts  with  a 
different  number,  thus:  N.P.i;  N.P.2;  etc.  Mark  small  pieces  which  are  alike  with  the  same 
mark;  this  would  usually  include  everything  except  posts,  trusses  and  girders,  but  in  order  10 
follow  the  general  marking  scheme,  where  pieces  are  alike  on  both  sides  of  a  building,  change  ibe 
general  letter;  e.  g.,  N.G.7  would  be  a  girt  on  the  north  side  and  S.G.j  the  same  girt  on  south  ^d(. 
Then  in  case  the  north  and  south  sides  are  alike,  only  an  elevation  of  one  side  need  be  shown,  and 
under  it  a  note  thus:  "  Pieces  on  south  wde  of  buildii^,  in  corresponding  portions  have  the  same 
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Qumber  as  on  this  nde,  but  prefixed  by  the  letter,  S,  instead  of  the  letter,  N."  Mark  trusan 
T.l;  T.s;  etc.     Mark  purlins  R.i ;  R.a;  etc. 

The  above  scheme  will  necessarily  have  to  be  modified  more  or  lees  according  to.  circum- 
stances ;  for  example,  where  a  buildii^  has  different  sections  or  divisions  applying  on  the  same  order 
number,  in  which  case  each  section  or  division  should  have  a  distii^uishing  letter  which  should 
prefix  the  mark  of  every  piece.  In  such  cases  it  will  perhaps  be  welt  to  omit  other  letters,  such  as 
N.,  S.,  etc.,  so  that  the  mark  will  not  be  too  long  for  easy  markii^  on  the  piece,  to  general, 
however,  the  scheme  should  be  followed  of  marking  all  the  larger  pieces,  whether  alike  or  not, 
with  a  different  mark.  This  would  refer  to  pieces  which  are  liable  to  be  hauled  immediately  to 
their  places  from  the  cars.     But  for  all  smaller  pieces  which  are  alike,  give  the  same  mark. 

DETAIL  NOTES. — SttCtioma. — End  views  of  sections  shall  be  shown  as  in  (a)  Fig.  19,  and 
sections  shall  be  cross-hatched  or  blackened  as  shown  in  (b)  Fig.  19. 

Awembliag  Note. — Cavers,  webs,  flange  angles,  etc.,  must  not  be  marked  alike  when  it 
would  be  necessary  to  turn  them  end  for  end,  see  (c)  Fig.  19. 

Rivet  Spacing. — Rivet  spacing  must  be  tied  up  from  end  to  end. 
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Connection  Plates. — In  detailing  connection  plates  wherever  bevel  Cor  holes  on  lines  "b," 
{&)  and  (e)  Fig.  19,  is  different,  spacing  for  holes  on  lines  "a"  should  be  made  different  to  prevent 
plates  from  being  interchanged. 

Writing  Ani^ea. — In  writing  angles  give  the  longer  leg  first,  i-L  6"  X  4"  X  \"  X  lO'-oi". 

Writing  Plates. — In  writing  plates  the  width  of  the  pkte  is  given  in  inches,  the  thickness  in 
inches,  and  the  length  in  ft.  and  in.;  a-PI.  48"  X  1"  X  is'-oj".  A  length  of  9  in.  should  be 
written  o'-9"  and  not  9".  The  width  of  a  plate  is  the  dimension  at  right  angles  to  the  length 
of  the  member,  while  the  length  of  a  plate  is  the  dimension  parallel  to  the  length  of  the  member 
to  which  the  plate  is  attached;  except  that  for  lacing  bars,  tie  plates  and  other  universal  mill 
plates  6  inches  and  less  in  width  the  least  dimension  is  taken  as  the  width  of  the  member,  and 
for  splice  plates  the  width  is  the  dimension  at  right  angles  to  the  splice. 

Writing  Sectiona.— Sections  are  written  as  follows:   i-I  li"  @  40  lb,  X  i6'-3i". 

HlccellaneouB. — Bevels  may  be  shown  as  so  many  inches  in  13",  (a)  F^.  30;  or  where  con- 
venient the  total  lengths  may  be  given  as  in  (b)  Fig.  ao.  The  latter  method  is  the  better  as  it 
assists  the  checker  and  the  templet  maker. 

The  maximum  amount  that  one  leg  of  an  angle  can  be  bent  is  45°.  For  a  greater  bend  than 
45°  a  bent  plate  shall  be  used,  (c)  Fig.  30. 

The  center  to  center  length  of  stiff  laterals  should  be  not  less  than  A  i".  short. 

Do  not  use  3  sizes  of  rivets  in  the  same  leg,  or  same  angle,  or  same  piece  unless  abaolutdy 
necessary. 
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Where  unequal  legged  angles  are  used  mark  the  width  of  one  leg  of  the  angle  on  the  leg. 
Where  heavy  laterals  are  spliced  in  the  middle  by  a  (^te,  ship  the  plate  riveted  to  one  angle 

Do  not  countersink  rivets  in  long  pieces  unless  absolutely  necessary. 

Do  not  draw  any  more  of  a  member  than  necessary,  and  do  not  dimension  the  same  piece 
leveral  times. 

R«tisidg  Drawlilgs. — When  drawings  have  been  changed  after  having  been  first  approved, 
Jicy  must  be  marked,  Revised  ^ve  date  of  revision). 


MuBuring  Angles. — All  measurements  on  angles  are  to  be  made  from  the  back  of  the  angle, 
md  not  from  the  edge  of  the  flange.  The  center  to  center  distance  between  open  holes  should 
always  be  given  for  each  piece  that  is  shipped  separate,  in  order  that  the  inspector  can  check  the 
piece. 

Widfii  of  AnicleB. — The  widths  of  the  legs  of  angles  are  greater  than  the  nominal  widths, 
unless  the  ai^le  has  been  rolled  with  a  finishing  roll.  The  over-run  for  each  leg  is  equal  to  the 
nominal  width  of  the  leg  plus  the  increase  in  thickness  of  leg  made  by  spreading  the  rolls.  For 
example  finishing  rolls  are  used  for  rolling  3"  X  3"  angles  with  a  thickness  of  \".  The  actual 
length  of  the  leg  of  a  3"  X  3"  angle  is  as  follows:  angle  3"  X  3"  X  J",  leg  3";  angle  3"  X  3"  XA". 
leg  3A":  angle  3"  X  3"  X  I",  leg  3i"i  angle  3"  X  3"  X  j",  leg  3*":  angle  3"  X  3"  X  |", 
leg  31". 

The  over-run  of  Pencoyd  angles  are  given  in  Table  37,  Part  II ;  and  the  over-nin  of  Pennsyl- 
vania Steel  Company's  angles  are  given  in  Tabic  38,  Part  II. 

POINTS  TO  BE  OBSERVED  IN  ORDER  TO  FACIUTATE  ERECTION.— The  first 
consideration  for  ease  and  safety  in  erection  should  be  to  so  arrange  all  details,  joints  and  con- 
nections that  the  structure  may  be  connected  and  made  aelf-suataining  and  safe  in  the  shortest 
time  possible.  Entering  connections  of  any  character  should  be  avoided  when  possible,  notably 
on  top  chords,  doorbeam  and  stringer  connections,  splices  in  girders,  etc.  When  practicable, 
joints  should  be  so  arranged  as  to  avoid  having  to  put  members  together  by  entering  them  on  end, 
as  it  is  often  imposuble  to  get  the  necessary  clearance  in  which  to  do  this.  In  all  through  spans 
Boor  connections  should  be  so  arranged  that  the  floor  system  can  be  put  in  place  after  the  trusses 
or  girders  have  been  erected  in  their  final  position,  and  vice  versa,  so  that  the  trusses  or  girders 
can  be  erected  after  the  floor  system  has  been  set  in  place.  All  lateral  bracing,  hitch-plates,  rivets 
inlaterals,  etc.,  should,  as  far  as  possible,  be  kept  clear  of  the  bottoms  of  the  ties,  it  being  expensive 
lo  cut  out  ties  to  clear  such  obstructions.  Lateral  plates  should  be  shipped  loose,  or  bolted  on 
80  that  they  do  not  project  outside  of  the  member,  whenever  there  is  danger  of  their  being  broken 
oS  in  unloading  and  handling.  Loose  fillers  should  be  avoided,  but  they  should  be  tacked  on  with 
rivets,  countersunk  when  necessary. 

In  elevated  railroad  work,  viaducts  and  similar  structures,  where  longitudinal  girders  frame 
girders,  shelf  angles  should  be  provided  on  the  latter.     In  these  structure  the  expan^on 
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jointB  diould  be  so  arranged  that  the  rivets  connecting  the  fixed  span  to  the  cross  prder  can  be 
driven  after  the  expansion  span  is  in  place.  In  viaducts,  etc.,  two  spans,  abutting  on  a  bent, 
should  be  so  arrai^ed  that  either  span  can  be  set  in  place  entirely  independent  of  the  other.  The 
same  tfaii^  applies  to  girder  spans  of  different  depth  resting  on  the  same  bent.  Holes  for  anchor- 
bolts  should  be  so  arranged  that  the  holes  in  the  masonry  can  be  drilled  and  the  bolts  put  in  place 
after  the  structure  has  been  erected  complete. 

In  structures  consisting  of  more  than  one  span  a  separate  bed-plate  should  be  .provided  for 
each  shoe.  This  is  particularly  important  where  an  old  structure  is  to  be  replaced;  if  two  shoes 
were  put  on  one  bed  plate  or  two  spans  connected  on  the  same  pin,  it  would  necessitate  removing 
two  old  spans  in  order  to  erect  one  new  one.  In  pin-connected  spans  the  section  of  top  chords 
nearest  the  center  should  be  made  with  at  least  two  pin-holes.  In  skew  spans  the  chord  splices 
should  be  so  located  that  two  opposite  panels  can  be  erected  without  moving  the  traveler.  Tie 
plates  should  be  kept  far  enough  away  from  the  joints  and  enough  rivets  should  be  countersunk 
inside  the  chord  to  allow  eye-bars  and  other  members  being  easily  set  in  place.  Posts  with 
channels  or  angles  turned  out  and  notched  at  the  ends  should  be  avoided  whenever  possible. 

ORDERING  HATBRIAL.— Bridge  Work. — Ordinarily  plates  less  than  48  in.  wide  are 
ordered  U.  M.  (universal  mill  or  edge  plates),  but  when  there  is  no  need  for  milled  edges  and 
prompt  delivery  is  essential  specify  either  U.  M.  or  sheared.  Never  order  widths  in  eighths. 
Flats  and  universal  (edge)  plates  over  4  in.  in  width  should  be  ordered  in  even  inches,  flats  under 
4  in.  should  be  ordered  by  i  in.  variation  in  width.  Flats  }  in.  and  under  in  thickness  are  very 
difficult  to  secure  from  the  mills  and  should  be  avoided  if  possible. 

Rolling  mills  are  allowed  a  variation  of  }  in.  in  width  of  plates,  over  or  under,  and  a  variation 
of  I  in.  in  lei^th,  over  or  under,  from  the  ordered  width  or  length.  Rolling  mills  are  allowed  a 
va.riation  of  |  in.  over  or  under  the  ordered  length  of  beams,  channels,  angles,  zees,  etc.  An 
extra  price  is  charged  for  cutting  to  ejcact  length.    See  Chapter  XIII. 

Allow  if  in.  in  thickness  for  planing  plates  3  ft.  6  in.  square  or  less,  }  in.  for  plates  more  than 
2  ft.  6  in-  square,  and  }  in.  for  columns;  chords  and  girders  which  have  milled  ends  are  ordered 
i  in-  longer  than  the  finished  dimensions. 

Web  plates  should  be  ordered  }  in.  less  than  the  back  to  back  of  flange  angles  unless  a  less 
'  clearance  is  specified.  Web  plates  should  preferably  be  ordered  in  even  inches  and  the  distance 
back  to  back  of  angles  made  in  fractions. 

When  angles,  beams  or  channels  are  bent  in  a  circle  allow  9  in.  to  ta  in.  for  bending. 

Bent  plates  should  be  ordered  to  the  length  of  the  outside  of  the  bend. 


Fig.  34.    Beams  Between  Columns. 

Large  gusset  plates,  large  plates  with  angle  cuts,  etc.,  should  'be  ordered  as  sketch  plates, 
when  the  amount  of  waste  if  ordered  rectangular  will  exceed  30  per  cent.  Mills  will  not  make  re- 
entrant cuts  in  plates  or  shapes. 

In  ordering  lacing  bars  add  .A  in.  to  the  finished  length  and  order  in  multiple  lengths. 

ORDERING  BflATERIAL.— Bufldlng  Work, — Order  beams  in  foundation  neat  length. 

Order  beams  framing  into  beams  )  in.  short  for  each  end,  see  Fig.  34. 
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Order  main  column  materia]  {  in.  long  for  milling  both  ends  (this  takes  care  of  permissible 
nation  in  lei^h  at  plus  or  minuH  |  in.  as  well  as  the  miiling). 
Order  girder  flange  angles  and  plates  I  in.  long. 
Order  girder  web  plates  )  in.  short,  where  end  connectioos  are  used- 
Order  girder  web  plates  neat  lei^h,  where  end  connections  are  not  used. 
Order  girder  web  plates  i  in.  less  in  width  than  back  of  flange  angles. 
Order  stiffener  angles  i  in.  long. 
Order  fillera  under  stiffeners  neat  length. 
Add  A  it^-  '"  each  lacing  bar  and  order  in  multiple  lengths. 

SHAPES  AND  PLATES  HOST  EASILT  OBTAINED.— The  ease  with  which  different 
commercial  sizes  of  shapes  and  plates  may  be  obtained  from  the  rolling  milt  varies  with  the  n 


and  with  the  demand.     Where  any 
promptly  filled,  while  the  order  for  a 
sufficient  orders  have  accumulated  to 
The  following  list  of  plates  and 
PUtM. — Plates  most  eauly  obtained. 
Width. 


in  demand  rollings  are  frequent  and  the  onlers  are 
ot  in  demand  may  have  to  wait  a  long  time  until 
a  special  rolling. 
fairly  accurate,  the  list  varying  from  time  to  time 


Width. 


i  and  up 
}and  Up 
1  and  up 
I  and  up 
i  and  up 
i  and  up 
i  and  up 
1  and  up 


I*                             A  and  i  5 

li                            A  and  1  6 

a                           A  and  1  7 

ai                          1  and  up  8 

al                           1  and  up  9 

3  i  and  up  lo 
3i                           i  and  up  13 

4  i  and  up  14 

Over  14  in.  in  width  it  is  immaterial  what  width  of  plate  is  s| 
Squares  and  Rounds. — Squares  and  rounds  moat  easily  obtained. 
Rounds,  I",  1",  i".  I".  li".  J*"- 
Squares,  I",  J",  i",  iJ".  li"- 
All  other  sizes  are  liable  to  cause  delay. 

Beamfl. — Sizes  of  I-Beams  which  can  be  obtained  most  readily. 

Depth.  Welcht. 

6"  lal  lb. 

8"  18    lb.  30i  lb. 

10"  35    lb.  30    lb. 

13"  31 1  lb.  35    lb.    40  lb. 

15"  43    lb.  50   lb.    60  lb. 

18"  55    lb.  60    lb.    70  lb. 

a&'  65    lb.  80    lb. 

24"  80    lb.  90    lb.  100  lb. 

Sizes  of  I-Beams  which  may  be  used  but  for  which  prompt  deliveries  may  n 


Depth. 
5" 


Beams  of  weights  different  from  the  above  ( 
readily  as  those  given.     Beams  of  1 


9ilb. 
15  lb. 
31    lb.  35  lb. 

n  always  be  obtained  from  the  mills  but  not  so 

ion  can  always  be  obtained  more  readily  than 
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cttm iin«ia.-~r ha  n rw»i«  which  can  bc  fflost  readily  obtained  from  tbe  milla. 
Depth.  WdsU. 

6"  8    lb. 

8"  III  lb.  iSllb. 

lo"  15    lb.  30    lb.  35  lb. 

13"  3oi  lb.  25    lb.  30  lb. 

15"  33    'b.  40    lb.  50  lb. 

Sizes  which  may  be  used  but  for  which  prompt  deliveries  cannot  be  expected. 
Depth.  Wdtft. 

5"  6i  lb. 

7"  9l  lb. 

9"  I3i  lb. 

Channels  of  weights  different  than  those  given  above  can  always  be  obtained  at  the  milla 
but  not  so  readily  as  those  given.  Channels  of  mininiuin  section  can  always  be  obtained  more 
readily  than  heavier  aectionB. 

AaiJes. — Angles  moet  easily  obtained  from  the  mill. 
Even  legs.—ai"  X  ai";  3"  X  3";  3l"  X  3l";  4"  X  4";  6"  X  6". 
Uneven  legs.^i*"  X  2":  3"  X  3l";  si"  X  3";  4"  X  3";  S"  X  31":  6"  X  4" 
Angles  which  may  be  used  but  for  which  prompt  deliveries  cannot  be  expected. 
Even  legs.— 2"  X  2";  sj"  X  zj";  5"  X  5";  8"  X  8". 
Uneven  legs.— 3"  X  3";  3i"  X  31";  4"  X  3i";  6"  X  3i"- 
Anglee  4"  X  3J";  5"  X  4";  7"  X  3i"  and  8"  X  6"  are  very  difficult  to  obtain. 
To  obtain  prompt  deliveries  as  few  sizes  and  shapes  as  practicable  should  be  used  for  any 
:ontract.     For  example  if  6"  X  4"  angles  are  used  6"  X  3J"  should  be  avoided,  and  vice  versa. 
Tees.— If  possible  the  use  of  Tees  should  be  confined  to  3"  X  3"  X  I"  and  a"  X  3"  X  A", 
and  even  these  sizes  are  uncertain  of  delivery. 

Zeas. — The  delivery  of  zees  Is  uncertain  and  will  depend  upon  special  rollings,  which  do  not 
Kcur  frequently.     The  following  sizes  are  the  most  used,  and  are  therefore  most  eamly  obtained. 
Web.  Thickness. 

3"  i".  A"  and  i" 

4"  i".  A"  and  i" 

5"  A".  I"  and  1" 

6"  r.  i'M".i",  I"andl" 

Steel  Company  carries  the  following  material  in  stock 


Stock  MatsilaL— The  Pennsylva 
[n  30  ft.  lengths  for  use  in  its  structural  plant. 
Anflt*,  BvcD  Leas. 
6"  X  6"  X  A"  and  i" 
4"  X  4"  X  i"  and  A" 
3J"  X  3i"  X  I"  and  A" 
3"  X  3"  X  A".  *"  and  A" 


30"  X  I"  and  i" 
18"  X  I"  and  J" 
16"  X  i"  and  i" 
15"  X  I"  and  i" 
14"  X  I"  and  i" 
13"  X  i"  and  i" 
13"  X  I",  A"  and  i" 
10"  X  i"  and  A" 
9"  X  i" 


Anile*.  Uneva  Legi. 
6"  X  4"  X  i".  A"  and  1" 
5"  X  34"  X  i".  A"  and  i" 
4"  X  3i"  X  A"  and  |" 
3l"  X  3"  X  A"  and  1" 
3"  X  ai"  X  A"  and  |" 
IHat*. 

7"  X  i" 

6"  X  J"  and  J" 

3i"  X  i",  i"  and  I" 

3"  X  I"  and  A" 

2I"  X  I"  and  A" 

3i"  X  A"  and  i" 

3"  X  i"  and  A" 
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Lengths  luid  Wlddu  et  PUtem. — The  maximum  aizes  and  lengths  of  shapes  and  plates  < 
rotted  by  the  Carnegie  Steel  Company  and  the  llUiiois  Steel  Company  are  given  in  Table  I  t 
Table  VII,  induuve. 

TABLE  I. 


Maziuuu  Lenotbs  op  Shapes;  Carnegie  Steel  Co. 


to  5"     . 
ind  3"-  - 


4"  aJnd  3" 


4"  X  H  and  under. . 

3" 

Deck  Beanu: — 


,  5"/, 


Angles  (Eneoen  Legs): — 

8"  X6" Soft 

7"  X3i"X  i"toi" 80 

7"  X  3*"  X  4"  to  A" 85    ■ 

6"  X4"  Xi''toi" 85   - 

6"  X  4"  X  ii"  and  under 90  " 

6"  X3i"  X  i"toi" 80  •■ 

6"  X3i"X  H" 85  ■■ 

6"  X  3i"  X  t"  and  under 90  " 

5"  X4" 90  " 

5"  X  3i"  X  i" 75    ' 

"  X  3*"  X  h".  ~      ■ 


5"  X  3*" 


5"  X  3" 

4l"  X  3"  X  li". . 
4i"  X  3"  X  i". . . 

w;  X  3"  X  \v. . 
'"X3"  xr 


and  under 90  "' 


4*"  X 
a''  V  I 


Angles  {Eeen  Legs): — 

8"  X8" laott. 

6"  X  6"  X  I"  to  i" 80  " 

6"  X  6"  X  ^i"  and  under 90  " 

5"X5" 85" 

4"X4" 90 

3*"xjr' 90  ■* 


3"X3"., 

a*"X3i" 

4    Xai" 

2'*  X2" 

i!"xii"toj"xr. 


.  50 


<2i"X  A" 65  '• 

<  ai"  X  i" 70  ■■ 

'ai"x  A" 80" 

a\"  X  I"  and  under 90  " 

2" 50  ■' 

!l"toirXi" 50" 


TABLE  IL 
MAxniuH  Lengths  or  Matsbial;  Illinois  Steel  Co.  (South  Wokes). 

Angles^ 

Alt  angles 100  ft. 

/  Beami: — 

All  I  Beams  up  to  15 75  ft> 

15  I  Beams  42  lb.  to  55  lb. 75  " 

15  I  Beams  60  lb.  to  75  lb, 6a  " 

IS  1  Beams  80  lb 60  " 

15  I  Beams  90  lb 50  " 

15  I  Beams  100  lb 45  " 

Channeh; — 

All  Channeh 75  ft. 


Inc 


!  it  is  absolutely  essential  t 


have  any  of  the  above  material  in  lengths  Icmgo-  than 
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ovr-n,  it  will  be  necesiary  to  take  the  matter  up  witti  the  mill  to  ascertain  whether  same  can  be 

For  extreme  lengfths  <rf  material  rolled  at  the  Bay  View  {Milwaukee  Works)  follow  fist  of 
iximuia  length*  rolled  by  Carnegie,  as  the  facilitie*  for  rolling  all  smaller  sections  are  about 
e  same  at  both  milla. 

TABLE  in. 

Maxihuh  Sizes  of  Rectahgulak  and  Circular  Plates;  Carnegie  Stbbl  Co. 

Sheared  Plates,  Onb-Fourth  Inch  and  Over. 


Widtha  and  LcDglbi  Id  iDcho. 

S£i' 

131 

116 

120 

"4 

loS 

102 

96 

90 

84 

78 

ISO 

3; 

290 

joo 

300 

280 
*SS 

240 

lis 

170 

260 
310 

IS 
IS 

3S0 
3SO 
JSO 

3  SO 

320 
300 
*7S 

250 
240 
230 
190 

27s 

% 

400 

380 

380 
350 
320 
»9S 

»4S 
200 

250 
300 
400 
440 
450 

4SO 
420 
420 
420 
420 

420 

380 

3SO 
32s 

iS 

270 

230 

280 

3»S 

JS 

47S 

47S 
440 
440 
440 
440 

440 
400 
370 
34fl 

31S 
300 
j8o 
240 

JOO 
j8o 
460 
475 
500 

480 

480 

480 
4JO 
40s 
j6o 

340 

320 

126 

IJ2 

13a 

i3» 
134 
>34 
134 
134 

134 
"34 
132 

13» 

IJ2 
132 
130 
130 

i 

180 

i 

260 

270 
270 
270 
270 

260 
250 
230 
210 

200 
190 

180 

ISO 

i 

290 
300 
300 
290 
290 

2B0 
270 
250 
230 

200 
190 
160 

p 

f 

» 

if 
:l 

h 

'90 
120 

»0 

310 
1x0 

lao 

300 
190 

180 
"7S 
i6s 
13J 

zoo 

100 

230 

130 
130 
130 
130 
130 

230 
230 

;g 

170 

i*S 

TMcknm. 

7* 

66 

60 

54 

so 

48 

4* 

j6 

30 

^4 

Dlun. 

t 
♦ 
i 

;! 

i! 

490 
s» 
s»s 

SaS 

Soo 

360 

340 

JIO 

180 

3SO 
400 

SOO 

IS 
i£ 

S30 
soo 
SCO 

soo 

480 
450 

400 

'^ 
360 

340 
300 

380 
450 

'i 

s6o 

s^ 

s6o 
540 
S40 

S20 

s«> 

soo 
470 
410 

400 

380 
360 
320 

400 

460 

'! 

560 

i£ 

S40 
S40 

540 

S20 
S20 

480 
430 

420, 
400 
380 

340 

i 

560 

S6o 
560 
s6o 

S40 

520 

520 
480 
430 

4JO 
420 

400 
3  SO 

430 

SOO 

IS 

S6o 

560 
S6o 
S6o 
S40 

S30 
520 
soo 
4SO 

440 

430 
400 

330 

400 
450 

SOO 
SSo 

SSO 

1 

S6o 

530 
500 
480 
460 

440 

;s 

300 

400 
450 
500 

SSO 
SSO 

IS 

S40 
540 
S40 

S30 

480 
460 

420 

380 
3  SO 

JOO 

380 
400 
480 
530 
S30 

S30 
S30 

S30 
S30 
520 

JOO 

470 
470 
450 

^ 

350 

250 

380 

530 
S30 

S30 
soo 
soo 

:s 

4S0 
440 

ts 

3K> 

no 

lUS 
132 
132 

I3» 

134 
IJ4 
134 
134 

1 34 
134 
132 

i3» 

132 
132 
130 

130 

PUtes  48"  wide  and  under  can  also  be  rolled  on  Universal  Mills. 
For  greater  length  and  Universal  Mill  Sizes,  see  Universal  Mill  Plate  Table  V. 
Plates  of  greater  dimenaioas  than  shown  in  above  tablet  may  be  submitted  for  special 
coiundeiation.  '  ^ 
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TABLE  IV. 
Maxiuuh  Sizes  of  Rbctangular  and  Cikculak  Plates;  Cabmbgie  Steel  Co. 


ATES, 

nc 

a  A] 

OER. 

Width,  uu 

LaKUuinlocba 

74 

7* 

70 

(•* 

S8 

„A 

MO 

220 

240 

250 

270 

290 

110 

320 

330 

77 

IIO 

240 

270 

Sj.? 

170 
140 

230 

^ 

170 
150 
150 
130 

170 

ISO 
ISO 

130 

Tn 

K.».. 

140 

140 

170 
170 
ISO 

« 

No.  11 

140 

64 

Thlcknesi. 

S6 

S4 

Si 

so 

48 

4» 

36 

30 

14 

OMn,. 

K,* 

3  SO 

160 

370 

160 

360 

160 

360 

360 

270 

290 

290 

190 

290 

290 

290 

74 

No.    9 

230 

HO 

240 

250 

2SO 

2SO 

2SO 

2SO 

230 

230 

230 

230 

.  i 

190 

100 

190 

190 

19s 

19s 

66 

No.  ij 

160 

170 

176 

180 

180 

180 

iSo 

64 

TABLE  V. 

Maxi 

HUM  Si 

IBS  OF 

Rectangular  Universal  Plates;  Carnegie  Steel  Co. 

Uni* 

EBSAL 

Mill 

Plates 

Onb-Fourth  Inch  and  Over. 

Thick- 

mdtlu  aod  LeniUu  In  Incbc*. 

48-46 

4S-4I 

4O-J6 

35-31 

30-26 

25-20 

19-17 

16-is 

14-12 

II 

10-6I 

,      . 

c 

780 
B40 

c 

780 
840 

IS 

^ 

L 

600 

fioo 

fioo 

660 

720 

z 

X 

1140 

1 140 

1140 

1080 

900 

S40 

t 

960 

1200 

1080 

1080 

1080 

960 

9^ 

1080 

1100 

1100 

1080 

1080 

1080 

840 

A 

060 

()6o 

1200 

1200 

1200 

1080 

1020 

840 

960 

1200 

1080 

So 

840 

9M 

1080 

1080 

1080 

8io 

H40 

B40 

960 

960 

960 

960 

960 

960 

900 

840 

1 

710 

710 

720 

840 

840 

B40 

900 

560 

900 

840 

finn 

ftv. 

fi<Vi 

70S 

780 

780 

840 

!40 

S40 

ftoo 

«o 

660 

720 

840 

840 

840 

840 

480 

,i8 

S40 

600 

600 

600 

660 

780 

840 

840 

S^o 

480 

50+ 

5^8 

S40 

5*0 

S40 

720 

840 

480 

4te 

4S0 

480 

4R0 

480 

660 

7» 

840 

840 

420 

410 

432 

410 

420 

420 

480 

720 

7W 

4J0 

410 

4J2 

410 

420 

420 

S40 

720 

420 

420 

420 

40H 

408 

4:0 

S40 

720 
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MAXIMUM  SIZES  OF  UNIVERSAL  PLATES. 


Maxiuou  Suss  of 


TABLE  VI. 
Universal  Platss;  Illinois  Stsbl  Co. 


ThlckncM. 

width  <ilFlaU  In  IndMi.                         | 

IndH. 

6 

7 

8 

9 

10  to  30 

1 

9& 

960 

960 

960 

960 

960 

960 

960 

960 

^fo 

960 

960 

960 

^ 

^ 

t 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

i 

9«o 

960 

960 

960 

960 

IS 

960 

960 

960 

9fe 

i 

960 

960 

960 

960 

7SO 

930 

960 

960 

960 

» 

690 

«ic 

960 

^ 

960 

}. 

640 

800 

910 

960 

960 

600 

7*0 

8so 

960 

960 

S60 

700 

800 

900 

960 

It 

Sjo 

660 
.620 

750 
710 

8so 
800 

1^ 

\f 

470 

S90 

670 

760 

810 

4SO 

560 

640 

7iO 

770 

4^0 

S30 

610 

680 

730 

400 

Sio 

Sto 

6so 

65o 

lA 

390 

490 

s6o 

630 

660 

■J. 

370 

470 

S30 

600 

640 

■A 

360 

450 

Sio 

S70 

610 

340 

4JO 

490 

SSO 

S90 

1  i 

330 

410 

470 

530 

S70 

3M> 

400 

460 

510 

5SO 

■  H 

310 

390 

440 

490 

530 

300 

370 

430 

480 

510 

III 

190 

j6o 

410 

460 

490 

zSo 

3SO 

400 

4SO 

480 

n  exceed  above  lengths 


All  plates  both  sheared  and  Universal  Mill  rolled  by  Illincus  Steel  Co.,  1 
I  ft.     If  longer  lengths  are  necessary  take  up  vrith  the  mill. 

Design  Dkawimgs  fob  Stebl  Stkuctubes. 
Dmriaga. — Dengna  shall  be  made  on  standard  sized  sheets.    A  acale  of  i  in.  to  I  ft.  shall 


m  loads,  wind  loads,  floor  loads,  wheel  loads  and  spadng  for 
eight  per  cubic  foot  and  the  ai^le  of  repose  of  the  material  shall 


Designs  of  Mill  Buildings. 

Loads. — ^AU  roof  loads,  sno 
:raiies,  and  in  case  of  bins,  the  « 
ippcar  on  the  design  drawings. 

Diagrams. — Draw  as  many  sections  as  are  necessary  to  show  all  transverse  bents  and  trussea, 
1  plan  of  lower  chord  bracing,  and  views  to  indicate  framing  and  side  views  when  necessary  to 
live  location  of  doors  and  windows.  When  a  sectional  view  is  shown,  always  mark  the  location 
if  the  sections  on  the  plan.  When  two  buildings  frame  into  each  other  the  des^n  should  always 
indicate  the  framing  for  the  connections,  drawing  additional  sections  if  required.  .^ 

DiL;ilzo..,'Ct)t)^^lc 
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STRUCTURAL  DRAFTING. 


Chap.  XI. 


StresseB. — The  Btresses  in  all  members  of  transverse  bents,  trusses  and  latticed  and  plat 
^rders,  and  the  loads  on  all  main  building  columns  shall  be  given  on  the  design  drawings  Civ 
maximum  bending  moment  and  maximum  shear  in  all  crane  girders,  plate  girden,  and  floor  girder 
and  columns.  Maximum  shear  and  bending  moment  shall  be  given  for  all  stringers  or  I-Beam 
used  as  floor  or  crane  girders. 

Notes. — Material  (whether  O.  H.  (open-hearth)  or  Bessemer,  soft,  medium  or  structura 
■teel);  speciGcations  (name  and  date;  dze  of  Kvets  and  holes,  reamed  or  punched  full  size). 

Angle  Uemhers. — In  all  cases  where  two  unequal  legged  angles  are  used  as  main  members 
show  the  direction  in  which  the  outstanding  legs  are  turned  by  giving  the  dimenaon  9f  the  Iq 
appearing  in  elevation,  or  by  exaggerating  the  longer  leg. 

TABLE  VII. 
Maxihuu  Sizes  of  Sheared  Elates;  Illinois  Stbbl  Co. 


width  of  PIsU  In 


J2_L 


s 


& 


Sections. — Give  sections  of  all  members  used  in  the  structure.  Whenever  two  or  mon 
columns  or  other  members  in  different  locations  have  the  same  section,  either  note  it,  or  mark  il 
section  on  each  one.     For  a  column  of  special  make-up  show  a  cross  section. 

Dtmensloiu.— The  following  dimensions  should  be  given:  (t)  Height  of  lower  chord  d 
trusses  from  floor  level;  (z)  elevation  of  top  of  crane  rail  with  clearance;  (3)  distance  c.  1 
crane  rail  with  clearance;  (4)  distance  b.  to  b.  of  angles  of  all  main  columns;  (5)  pitch  of  truss< 
or  height  of  same  at  heel  and  slope  of  upper  chord;  (6)  width  and  height  of  ventilator;  (7)  IcnKtl 
of  bays;  (8)  distance  c.  to  c.  of  building  columns;  (9)  location  and  size  of  stacks;  (to)  locatioi 
size  of  openings  and  circular  ventilators;   (11)  thickness  of  all  walls,  and  relation  to  cente 

Windows. — Give  mte  and  number  of  lights  and  height  of  windows.  Show  location  of  a 
windows.  State  whether  pivoted,  sliding,  counter-balanced  or  fixed,  and  whether  continuoia 
State  kind  of  glass. 

Doors. — Give  dimen«ons  (width  by  height)  and  state  whether  wood  or  steel,  swingini 
lifting,  rolling  or  sliding.     State  style  of  track,  hangers  and  latch. 


DESIGN  DRAWINGS.  42S 

LoDTTM. — Note  depth  on  design,  and  whether  wood  or  metal,  fixed  or  pivoted.  If  metal 
give  gage  and  Idnd  of  same. 

Coimgated  SteeL — Give  gage  and  kind  of  all  corrugated  sheeting,  painted  or  galvanized; 
method  of  fastening,  lining,  etc. 

Onttors  aod  Condoctora. — Show  guttera,  conducton  and  downspouts  where  neccMary  and 
give  size  and  kind  and  thickness  of  metal,  methods  of  fastening,  etc. 

Cirenlar  Vandlatoim. — Show  location  on  dengn  and  note  size  and  kind. 

Rooflng. — Give  kind  of  roofing  material,  and  thickness  of  sheathing  when  used- 
Notes. — Note  on  design  the  section  of:   (a)  Purlins  and  form  where  trussed;  (b)  girts;  (c)  sag 
rods;  (d)  lateral  bracii^;  (c)  end  columns;  !J)  window  posts;  (g)  door  posts. 

Connectloiu. — In  maldng  a  design  be  sure  that  all  clearances  and  connections  with  adjoining 
structures  are  properly  provided  for  and  that  all  dimensions  necessary  for  detailii^  of  same  are 
given  on  the  design. 

Designs  op  Plate  Gikdbr  Bkidgbs. 

Loada. — Give  assumed  dead,  live  and  wind  loads,  and  show  diagram  of  wheel  loads. 

Diagram  tnd  ^ewa. — Show  an  elevation  of  girder  with  stiffeners,  a  plan  with  lateral  bracing, 
and  a  half  end  view  and  a  half  intermediate  section. 

StresseB. — Give  maximum  bending  moments  and  maximum  shears,  maximum  stresses, 
required  and  actual  net  area  of  flanges,  noting  number  of  rivets  deducted,  and  required  net  and 
actual  gross  areas  of  webs. 

DimensioaB. — The  following  dimensions  should  appear  on  all  plate  girder  designs.  Distance 
b.  to  b.  of  end  angles,  or  distance  out  to  out  of  girders,  c.  to  c.  of  bearings,  back  wall  to  back  wall, 
or  c.  to  c.  of  piers,  b.  to  b,  of  flange  angles,  spacing  of  girders  and  track  stringers,  base  of  rail  to 
masonry,  end  of  steel  to  Face  of  back  wall,  angle  of  skew  if  any,  and  grade  of  base  of  rail. 

For  girder  bridges  on  curves  give  the  curvature  znd  super-elevation  of  outer  rail  and  distance 
from  top  of  masonry  to  base  of  low  rail.  Give  elevation  of  grade  and  of  masonry  on  a  vertical 
line  through  center  of  end  bearing. 

Rivet  Spacing. — Note  on  the  elevation  of  girders  the  spacing  of  rivets  connecting  flange 
angles  to  web,  changing  spacing  at  stifFener  points.  Give  number  of  rivets  in  single  shear  for  end 
connections  of  all  laterals  and  cross  frames. 

Shoes  and  Pedestals. — Give  maximum  reaction,  required  and  actual  area  of  masonry  plate, 
with  allowable  pressure  on  masonry.  Note  size  of  bed  plate,  and  show  in  position  with  location 
of  holes  for  anchor  bolts.  Note  size  and  number  of  rollers  for  expansion  pedestal,  and  also  whether 
pedestal  is  built,  cast  iron  or  steel. 

Expansion  Points.^Mark  fixed  and  expansion  points  and  show  whether  pedestals  or  bearing 
plates  are  to  be  used. 

Stiffeners.— Show  end  and  intermediate  stiffeners  on  elevation  of  girder,  giving  sections  and 
stating  whether  fillers  are  used,  or  stiffeners  crimped. 

Super- elevatioiL^If  the  bridge  be  on  a  curve,  show  how  the  super-elevation  of  the  outer 
rail  is  to  be  cared  for,  whether  by  tapering  ties,  or  changing  height  of  pedestal  or  masonry  plate. 

Track. — Show  track  in  place,  noting  such  information  as  eize  and  notching  of  ties  and  guard 
timbers  and  manner  of  connecting  timber  deck  to  the  girder.  For  through  girder  always  show 
clearance  diagram  with  dimensions. 

Notes. — (a)  Material  (whether  O.  H.  (open-hearth)  or  Bessemer,  soft,  medium  or  structural 
steel);  (b)  specifications  (name  and  date);  (c)  size  of  rivets  and  holes,  reamed  or  punched  full  size. 

Designs  of  Truss  Bbidgks. 

Loads. — Always  give  the  following  assumed  loads  on  the  stress  sheets. 

Dead  Loads.— (a)  Weight  of  track  in  lb.  per  lin.  ft.  of  track;  (b)  weight  of  trusses  and  bracing 
per  lin.  ft.  of  bridge;  (c)  weight  of  stringer  and  stringer  bracii^  per  lin.  ft.  of  bridge;  (d)  weight 
of  floorbeams  per  lin.  ft.  of  bridge. 
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434  STRUCTURAL  DRAFTING.  Chap.  XII. 

Un  L(Mid> — (IMagram  of  wheel  loads.) 

mad  Load. 

IHagmiis. — In  general,  the  deaiga  ihall  show  an  elevation  of  the  truM,  plan  of  top  lateral 
bracii^,  plan  of  bottom  lateral  bracing  and  stringer  bracii^,  half  end  view  showing  portal,  half 
intermediate  view,  or  aa  many  intermediate  views  as  are  necessary  to  show  intermediate  sway 
frames.  The  end  viev  shall  show  track  in  place  with  information  similar  to  that  for  plate  girtkn. 
The  design  of  a  pin-connected  bridge  shall  show  the  sizes  of  pins  and  the  airangement  of  the 
members  at  all  panel  points. 

StreasM. — Give  the  stresses  in  all  members  of  trusses  as  follows:  D.  L.  (Dead  Load);  L.  L 
(Live  Load);  1.  (Impact);  C.  (Curvature);  W.  (Wind  Stresses).     Also  total  stresses. 

Always  use  the  minus  sign  for  tensile  stress  and  the  plus  sign  for  compresMve  stress.  Compute 
and  give  traction  stresses  for  viaduct  towers. 

For  stringers  and  Aoorbeams  give  the  bending  moment  and  shear  and  stresses  in  the  same 
manner  as  for  plate  girders. 

Oeiwral  DliDOnaloaB. — The  most  important  dimenuons  are,  number  of  panels  and  length, 
depth  of  truss  at  every  panel  point  if  upper  chord  is  curved,  distance  c.  to  c.  of  trusses,  distance 
baae  of  rail  to  masonry,  distance  center  of  end  pin  to  masonry,  distance  c.  to  c.  of  end  pins  and 
face  to  face  of  masonry,  or  c.  to  c.  of  piers.  If  the  bridge  be  on  a  curve,  give  the  degree  and  show 
direction  of  curvature,  the  distance  of  base  of  low  rail  to  masonry,  and  the  super-elevatioa  of 
outer  rail.  Note  that  greater  clearances  are  required  on  curves.  Show  the  clearance  line  and  line 
of  base  of  rail  in  the  elevation  of  truss. 

Comprauion  Hembers. — Give  the  actual  unit  stress,  the  allowable  unit  stress,  radius  d 
gyration,  moment  of  inertia,  actual  and  required  area,  eccentricity  and  cross-section. 

Tonaioa  Hfimbers. — Give  allowable  and  actual  stresses,  the  required  and  actual  net  area. 
For  built  sections  give  number  of  holes  deducted  for  rivets  in  obtaining  net  area,  and  radius  d 
gyration. 

Section!. — Give  section  of  every  member  and  thickness  of  all  gusset  plates.  Always  zi\t 
axe  of  lacing  ban,  and  state  whether  single  or  double  lacing  is  required. 

BnOt  Sections. — On  all  built  sections  give  depth  of  section,  and  in  using  plate  and  angle 
sections,  make  the  web  }  in.  less  in  width  than  the  depth  of  section. 

Anj^M  with  Unequal  Legs. — In  any  member  composed  of  one  or  more  angles  with  unequal 
leg^  show  deafly  the  direction  in  which  the  long  or  short  leg  is  turned. 

Rirats. — Note  the  number  of  rivets  to  be  used  for  end  connections  of  a.11  members,  and  gi\-e 
the  number  of  rivets  in  single  shear  required  at  end  connection  of  track  stringers. 

Shoes  M'  Pedestals. — Give  maximum  reaction,  required  and  actual  area  of  masonry  plate, 
irith  allowable  pressure  on  masonry.  Note  ate  ol  bed  plate,  and  show  in  position  with  location 
of  holes  for  anchor  bolts.  Note  size  and  number  of  rollers  for  expansion  pedestal,  and  also  whether 
pedestal  is  built,  cast  iron  or  steel. 

Camber. — The  amount  of  camber  should  be  shown  on  the  design. 

Notes. — Same  as  tor  Plate  Girders. 


Digilzed  by  Google 


CHAPTER  XIII. 

Estimates  of  Structukal  Steel. 

GENERAL  IHSTRUCTIONS.— When  an  estimate  of  the  structural  steel  in  a  structure 
is  to  t>e  nude  the  man  in  chai^  ahall  immediately  examine  all  of  the  data  furnished  to  see  that 
he  has  sufficient  information  to  make  a  satisfactory  estimate.  He  shall  fill  out  the  data  sheet 
completely,  and  then  take  off  the  quantities.  Use  only  the  standard  estimate  blanks  for  taking 
off  materiaL     The  author  has  found  the  estimate  blank  below  very  satisfactory. 

CROCKER  A  KETCHUM 

CoiwultlBt:  Bn^DBon 
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^  Logan  Irrigation  Co. ^  Feb.g5.l9ie 


Number  each  page  consecutively,  and  when  all  the  quantities  are  totaled  prepare  a  summary 
on  the  last  p^e.  Each  sheet  shall  have  the  sheet  number  and  also  the  total  number  of  sheets 
in  the  estiinate,  for  example  9  of  20.  This  will  prevent  the  loss  of  a  page.  After  the  estimate  is 
completely  taken  off  another  man  shall  check  it.  When  checked  the  estimate  shall  be  extended 
by  the  checker,  each  sheet  being  immediately  totaled  up  as  extended.  The  extensions  shall  then 
be  checked  by  the  original  estimator,  who  also  prepares  a  summary.  TTie  summary  is  then 
checked  by  the  checker  and  the  estimate  is  complete. 

The  estimate  should  be  practically  a  condensed  bill  of  material  trf  the  work,  and  should  be 
so  clearly  made  that  a  reference  to  the  estimate  will  show  at  a  glance  the  weight  of  all  the  principal 
ineces.  Main  and  secondary  trusses,  main  columns,  girders,  crane  girders,  etc.,  for  buildings; 
and  tmsws,  girders,  floorbeams,  etc.,  for  bridges  should  be  taken  off  separately,  thus — i  truss, 
6  required — and  shall  not  be  mixed  together  even  though  the  correct  weight  is  obtained.  In 
making  an  estimate  the  (allowing  order  will  be  found  convenient. 

I.  MILL  BUILDINGS. — TrassM. — Top  chords,  lower  chords,  web  members,  purlin  lugs, 
gusset  plates,  connection  plates,  splice  plates,  eave  strut  connections,  knee  braces  and  knee 
brace  connections. 

Ventilator  Tmaaea. — Rafters,  poets,  web  members,  gusset  plates,  connections  to  trusses  and 
purlin  lugs. 
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Colnauu. — Column  aisles,  web  plate,  base  plate  and  angles,  crane  seat  and  cap.  Base  ia- 
cludes  anchor  bolts. 

Crane  Glrdera. — FUi^  aisles,  web  plate,  cover  plates,  end  stifEeners,  iatennediate  stiffeners, 
fillers,  knee  braces  and  knee  brace  connections.     Rails,  splice  bars,  clips  and  crane  stops. 

MUcellailMiU. — Eave  struts,  lattice  girders,  purlins,  girts,  ridge  struts,  lower  chord  strut.^. 
column  struts,  rafter  bracing,  lower  chord  diagonals,  reinfordag  angles  for  purlins  used  as  rafter 
struts,  and  sag  rods. 

Miacellaneous  Uateiials  Not  Stmctural  SteeL — Corrugated  steel  roofing  and  aidii^,  louvres. 
flashing  and  ridge  roll,  gutters,  conductors,  downspouts,  ventilators,  stack  collars.  Windows, 
doors,  ^jrl^ihts,  operating  device,  lumber,  roofing,  brick  and  concrete- 

2.  OFFICE  BUILDinGS. — Floorbeama,  girders,  including  all  their  connections  not  riveted 
to  other  members.  Floors  should  be  estimated  separately  using  a  multiplier  if  two  or  more  are 
exactly  alike. 

Columns. — Columns  including  splices  and  connections  riveted  to  the  cotumas.  If  columm 
are  of  Bethlehem  "H"  sections,  it  should  be  so  noted  on  the  estimate  summary.     Estimate  columns 

Miscellaneous,  such  as  suspended  ceilings,  galleries,  penthouses,  lintels,  curb-angles,  canopies, 

3.  TRUSS  BRIDGES. — Truss  members  should  be  taken  off  separately  in  order  that  the 
estimate  will  show  at  a  glance  the  weight  <rf  any  main  member-  Never  write  off  material  for 
the  trusses  thus,  "  i — Truss — 4  Req'd." 

Stringers;  floorbeams;  portals;  away  trusses;  upper  laterals;  lower  laterals:  shoes,  masonry 
plates,  anchor  bolts,  etc 

A  convenient  order  can  easily  be  arranged  for  other  structures. 

INSTRDCTIONS  FOR  TAKING  OFF  HATERIAL.— Quantity  estimates  shall  give  the 
shipping  weights,  not  shipping  weights  plus  scrap.  Pin  plates,  gusset  plates,  etc.,  shall  be  taken, 
off  as  equivalent  rectangular  plates.  Large  irregular  plates  or  small  irregular  plates  which  occur 
in  larger  numbers  shall  have  the  exact  sixes  shown  in  the  estimate  and  should  have  their  weights 
accurately  calculated.     All  quantity  estimates  shall  be  made  out  with  black  drawing  ink. 

The  following  colored  pencils  shall  be  used  in  estimating: 

Black. — In  taking  off  quantities,  all  check  marks  on  drawings  or  blue  prints  shall  be  made 
with  a  black  pencil. 

Red. — In  checlci:^  "quantities  taken  off"  all  check  marks  on  drawings,  blue  prints  and 
data  sheets  shall  be  made  with  a  red  pencil. 

Blue. — Blue  pencils  shall  be  used  for  checking  extensions,  also  for  making  notes,  corrections, 
alterations  or  additions  on  white  prints  or  tracings. 

Yetlaai. — All  alterations,  corrections  or  additions,  on  blue  prints  at  the  time  of  estimating 
shall  be  made  with  a  yellow  pencil. 

All  notes  on  blue  prints  or  drawings  in  regard  to  alterations,  corrections  or  additions  shall  be 
dated  and  signed  by  the  person  in  charge  of  the  estimate.  In  general  all  work  shall  be  taken  oS 
in  feet  and  inches.     Lengths  of  bolts  shall  be  given  in  feet  and  inches. 

CLASSIFICATION  OF  MATERIAL.— In  making  the  summary  steel  and  iron  should  be 
classified  as  follows: 

under,  rounds  up  to  3  in.  in  diametn*  and  squares  up 

and  including  100  in.,  and  }  in.  ttiick  and  over. 
to  and  including  110  in. 
to  and  including  115  in. 
to  and  including  120  in. 


Bars. 

including  plates 
1  a  side. 

6  in.  wide  and 

Plales  (a)  Flats  over  1 

6  in.  wide  up  to 

(ft)  Flats  over 

100  in.  wide  up 

W  Flats  over 

1 10  in.  wide  up 

W)  Flats  over 

1 15  in.  wide  up 

W  Flats  over 

(/)   Plates  A" 

1.  thick. 

(i)   Plates  i  in. 

thick. 

„  Google 
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(A)  Platet  checkered. 

(0   PUtes  buckle. 
Angles  (a)  Havii^  both  leg:8  6  in.  iride  or  under. 

(P)  Having  either  leg  more  than  6  in.  in  widcL 

(c)  Havii^  both  legs  less  than  3  in.  in  width. 
Channels  and  I-  Beams 

(a)  Channels  and  beams  up  to  and  includrng  ij  in.  in  depth. 

{b)  Over  15  in.  in  depth. 
If  Bethlehem  sectbns  are  used  distinguish  between  "Bettilehem  Special  I-Beams"  and 
Girder  Beams,"  and  also  regarding  depths  as  above. 
Zees. 
Tees. 

Raiis  (Separate  rails  under  50  lb.  per  yd.,  rails  over  100  lb.  per  yd.,  and  girder  rails). 
RaU  Sfdicts. 
Iron  CasUnis. 
Steel  Castings. 
Nuts. 

Clesises  and  Titmbuckles . 

Pins,  rounds  from  3  in.  diameter  to  6}  in.  in  diameter. 
FoTgings,  rounds  over  61  in.  in  diameter. 
Bronte,  Lead,  etc 
Rivets  and  Bolts. 

Rivet  Heads. — Where  the  estimate  is  made  from  shop  drawings  the  actual  number  of  rivet 
teads  shall  be  determined.  The  weight  of  rivet  heads  in  per  cent  of  the  total  weight  of  the  other 
[naterial  is  about  as  follows:  Purlins,  girts  and  beams,  3  per  cent;  trusses  and  bracing,  4  per  cent; 
plate  girders  and  columns  of  4  angles  and  i  pi.,  5  per  cent;  plate  girders  and  columns  with  cover 
plates,  6  per  cent;  box  girders  or  channel  columns  with  lacii^,  7  per  cent;  trough  floors,  8  to  10 

The  rivet  heads  in  hi^way  bridges  may  be  taken  at  5  and  4  per  cent  of  the  total  weight 
of  steel  exclunve  of  fence  and  joists  for  riveted  and  pin-connected  trusses,  respectively. 

Bolts  are  usually  taken  off  in  the  estimate  when  they  occur,  and  entered  as  rivets.  When 
bolts  are  under  6  in.  in  length,  include  bolts  under  the  item  "  Bolts  and  Rivets."  When  over 
6  in.  in  length,  put  the  bolts  under  "  Bars." 

HisceUaneotiB  UatMials.— Corrugo^  Steel. — Always  give  the  number  of  g^e,  whether 
painted  or  galvanized,  and  whether  iron  or  steel.  This  remark  also  applies  to  louvres,  flashing, 
ridge  roll,  gutters  and  conductors.  State  whether  corrugated  steel  is  for  roofing  or  siding.  Roofing 
shall  be  estimated  in  squares  of  100  aq.  ft.,  adding  three  feet  on  each  end  of  building  to  the  distance 
c.  to  c.  of  end  tnisaes  to  allow  for  cornice.  Allow  one  foot  overhang  at  eaves.  Siding  shall  be  esti- 
mated in  squaies  ol  100  sq.  ft.,  adding  one  foot  at  each  end  of  building  to  allow  for  cumer  laps. 

Louvres  shall  be  estimated  in  sq.  ft.  of  superficial  area,  stating  whether  fixed  or  pivoted. 

Flashing  shall  be  estimated  in  lineal  feet  and  shall  be  taken  off  over  all  windows  where  corru- 
gated sheathing  is  used  on  the  sides  of  building,  and  under  all  louvres  and  windows  in  ventilators. 

Ridge  roll  shall  be  estimated  in  lineal  feet,  adding  one  foot  to  the  distance  center  to  center 
of  end  trusses.     Ridge  roll  is  usually  taken  off  the  same  gage  as  the  corrugated  steel  roofing. 

Gutters  and  conductors  shall  be  estimated  in  lineal  feet,  the  conductors  usually  being  spaced 
from  40  to  50  ft.,  depending  upon  the  area  drained. 

Circular  ventilators  shall  be  estimated  by  number,  giving  diameter  and  kind,  if  specilied. 

Stack  collars  shall  be  estimated  by  number,  giving  diameter  of  stack. 

Windows  shall  be  estimated  in  sq.  ft.  of  superficial  area,  taking  tor  the  width  the  distance 
between  girts.  State  whether  wndows  are  fixed,  sliding,  pivoted,  counter-balanced  or  counter- 
weighted.  State  kind  and  thickness  of  glass  and  give  list  of  hardware,  and  any  thing  else  of  a 
special  nature. 
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Doors  shall  be  estimated  in  aq.  (t.;  state  whether  elidiiig,  lifd:^,  rolling  or  swinging.  Stee! 
doors  covered  with  combated  steel  shall  be  estimated  by  including  the  steel  frame  under  ste^l 
and  the  covering  with  corrugated  steel  siding.     State  style  at  ttack,  hangers  and  latch. 

Slqrtights  shall  be  estimated  in  sq.  ft.,  giving  kind  of  glass  and  frames. 

Operatii^  devices  for  pivoted  windows  or  louvres  shall  be  estimated  in  lineal  feet. 

Lumber  shall  be  estimated  in  feet,  board  measure,  noting  Idnd.  Note  that  lumber  under 
I  in.  in  thickness  b  classified  as  I  in.  Above  I  in.  it  varies  by  }  in.  in  thickness,  and  if  surfaced 
will  be  1  in.  less  in  thickness,  i.  e.,  l}  in.  sheathing  is  actually  l|  in.  thick,  but  shall  be  estimated 
as  ijin.  Lumber  comes  in  lengths  of  even  feet;  if  a  piece  ioft.-8  in.  or  ii  ft.-o  in.  is  required,  a 
stick  13  ft.-o  in.  long  shall  be  estimated.  In  uung  lumber  there  is  usually  conaideiable  waste  de- 
pendii^  upon  the  purpose  for  which  it  is  intended.  In  estimating  tongue  and  grooved  sheathing 
lo  to  30  per  cent  shall  be  added  for  tongues  and  grooves  and  from  j  to  lO  per  cent  for  waste, 
dependiI^[  upon  the  width  of  boards  and  how  the  sheathing  is  laid. 

Composition  roofing  or  slate  shall  be  estimated  in  squares  of  lOO  sq.  ft.,  allowing  the  proper 
amount  for  overhang  at  eaves  and  gables  and  for  flashing  up  under  a  ventilator  or  on  the  inside 
of  a  parapet  wall. 

Tile  roofing  or  slate  shall  be  estimated  in  squares  of  lOO  sq.  ft.,  adding  5  per  cent  for  waste. 
Include  in  an  estimate  for  tile  roof,  gutters,  coping,  ridge  roll,  plates  over  ventilator  windows  and 
plates  under  ventilator  windows,  these  being  estimated  in  lineal  feet.  Flat  plates  for  the  ends 
of  ventilators  shall  be  estimated  in  sq,  ft. 

Brick  shall  be  estimated  by  number.  For  ordinary  brick  such  as  is  used  in  mill  building 
construction,  estimate  7  brick  per  sq.  ft.  for  each  brick  in  thickness  of  wall,  i.  e.,  a  9  in.  wall  is  two 
bricks  thick  and  contains  14  brick  for  each  sq.  ft.  of  superficial  area. 

Always  note  whether  walla  are  pilastered  or  corbeled  and  estimate  the  additional  amount  of 
brick  required.  If  walls  are  plain,  no  percentage  need  be  added  for  waste,  but  if  openii^  such 
as  arched  windows  occur  add  from  s  to  lo  per  cent. 

Concrete  shall  be  estimated  in  cubic  yards.  Walls  or  ceiling  of  plaster  on  expanded  metal 
shall  be  estimated  in  squares  of  100  sq.  ft.,  noting  thickness  and  kind  of  reinforcement.  Rein- 
forced concrete  floors  shall  be  estimated  in  sq.  ft.  of  floor  area,  noting  thickness  and  Idnd  of  rein- 
forcement. Paving  of  all  kinds  is  estimated  in  square  yards,  but  the  concrete  liUii^  under  the 
pavement  itself  is  estimated  in  cuIhc  yards.  Concrete  floor  on  cinder  filling  is  usually  estimated 
in  square  yards,  specifying  its  proportions. 

ESTIMATE  OF  COST. — The  different  types  of  framed  steel  structures  vary  so  much  with 
local  conditions  and  requirements  that  it  is  only  pos^ble  to  give  data  that  may  be  used  as  a  guide 
to  the  experienced  estimator.  The  cost  of  steel  frame  structures  may  be  divided  into  (i)  cost  of 
material,  (3)  cost  of  fabrication,  (3)  cost  of  erection,  and  {4)  cost  of  transportation. 

I.  Cost  ci  MateiiaL — The  price  of  structural  steel  is  quoted  in  cents  per  pound  delivered 
f.  o.  b.  cars  at  the  point  at  which  the  quotation  is  made.  Current  prices  may  be  obtained 
from  the  Engineering  News,  Iron  ^e  or  other  technical  papers.  The  present  prices  (1914) 
f.  o.  b.  Pittsburgh,  Pa.,  are  about  as  follows: 

TABLE  I. 
Prices  of  Stbuctural  Steel  (1914)  f.  o.  b.  Pittsbusgh,  Pa.,  in  Cents  per  Potnn>. 

Pike  Is  ct*. 
HalcdaL  perLk. 

I-beams,  18  in.  and  over. I.55 

I-beams  and  channels,  3  In.  to  IJ  in. -. 1.45 

H-beams,  over  6  in i.6a 

Angles,  3  in.  to  6  tn.  inclusive 1^5 

Angles,  over  6  in 1.50 

Zees,  3  in.  and  ovm" 1,45  . 

Angles,  channels,  and  zees,  under  3  in ._; 1.40         ' 
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E>ecL  beams  and  bulb  anglei 1. 75 

Checkered  and  corrugated  plates 1.75  to  1.9O 

Plates,  structural,  base 140 

Plates,  flange,  bax I.50 

CCKTugated  steel  No.  33,  pointed 3.1} 

Corrugated  steel  No.  33,  galvanized 3.00 

Steel  sheets  Noe.  loand  II,  black I.90 

Steel  sheets  Nos.  10  and  11,  galvanized 3.35 

Steel  sheets  No.  33,  black 3.10 

Steel  sheets  No.  33,  galvanized. 3.95 

Bar  iron,  base I.65 

Rivets 3.10 

COST  OF  FABRICATION  OP  STRUCTURAL  STEEL.— The  cost  o(  fabrication  of 
structural  steel  may  be  divided  into  (a)  cost  of  drafting,  (6)  cost  of  mill  details,  and  (c)  cost  of 
shop  labor. 

(o)  COST  OF  DRAFTING.— The  cost  of  drafting  varies  with  the  character  of  the  structure 
and  with  the  shop  methods  of  the  bridge  company.  There  are  two  general  methods  in  common 
use  for  detailii^  steel  structures,  sketch  details,  and  complete  details  (see  Chapter  XII).  The 
cost  of  draftii^  varies  with  the  method  of  detailing  and  the  number  of  pieces  to  be  made  from 
one  detail,  and  costs  per  ton  may  mean  but  little  and  be  very  misleading.  The  cost  per  standard 
sheet  (34  in.  X  36  in.)  is  more  nearly  a  constant  and  varies  from  $1$  to  $3$  per  sheet.  The 
following  approximate  costs,  based  on  a.  total  average  charge  of  40  cents  per  hour  may  be  of  value- 
Mill  and  Hine  Buildings. — Details  of  ordinary  steel  mill  buildings  cost  from  $3  to  $4  per 
ton;  details  for  headworks  for  mines  cost  from  $4  to  $6  per  ton;  details  for  churches  and  court 
houses  having  Hips  and  valleys,  cost  from  $6  to  $8  per  ton;  details  for  circular  steel  bins  cost 
from  $1.50  to  $3  per  ton;  details  for  rectangular  steel  bins  cost  from  fs  to  $4  per  ton;  details  for 
conical  or  hopper  bottom  bins  cost  from  ^4  to  $6  per  ton. 

Bridges. — Details  of  steel  bridges  will  cost  from  $1  to  $3  per  ton  where  sketch  details  are 
used  and  from  fs  to  $4  per  ton  where  Che  members  are  detailed  separately. 

Actual  Cost  of  Drafting. — The  details  of  the  Basin  and  Bay  State  Smelter,  containing  370 
tons,  cost  $2  per  ton. 

The  costs  of  making  shop  details  for  steel  structures  as  given  in  the  Technograph  No.  31, 
1907,  by  Mr.  Ralph  H.  Gage,  are  ^ven  in  Table  II. 

TABLE  II. 
Cost  of  Shop  Dkawings. 


Character  of  Bulldto*. 

Avnaae  Cost  per  Ton. 

Entire  skeleton  conitniction,  i.  e.,  loads  all  carried  to  the  foundation  by  moans 

0.70 

O.SS 
Z.47 

Hi 

2.+7 

1.87 

Interior  portion  supported  on  steel  columns;   exterior  walls   carry  floor  loads 

Interior  portion  earned  on  cast  iron  columns;  exterior  walls  support  floor  loads 
as  welfas  their  own  weight .        

Structure  consisting  mostly  of  roof  trusses  resting  on  masonry  walls 

Mil!  buildings.... 

Remodeling  and  additions  where   measurements  arc  necessary  before  deuils 

...^Ct)t)^^k 
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Mr.  Gage  makes  the  following  comments  on  the  cost  of  drafting:  "The  cost  of  drafting 
materiala  and  blue  priots  was  not  included.  There  is  always  a  noticeable  decrease  in  cost  oi 
the  details  when  the  plans  for  the  ironwork  are  made  and  designed  by  an  engineer  and  sepaiated 
from  the  general  work.  On  the  average  it  cost  35  per  cent  more  to  malte  shop  drawings  of  the 
structural  steel  when  the  data  were  taken  from  the  architect's  plans  than  when  the  data  were 
taken  from  carefully  worked  out  engineer's  plans.  Inaccurate  plans  where  the  draftsman 
continually  finding  errors  which  must  be  referred  to  the  architect  materially  increase  the  cost  cd 
shop  drawings." 

(6)  COST  OF  MILL  DETAILS. — If  material  is  ordered  directly  from  the  rolling  mill  the 
price  for  the  necessary  cutting  to  exact  length,  punching,  etc.,  is  based  on  a  standard  "card  of 
mill  extras." 

CARD  OF  HILL  EXTRAS.— If  the  estimate  is  to  be  based  on  card  rates  it  will  be  necessary- 
to  have  the  subdivisions  a.  b,  c,  d,  e.  (.  r,  etc..  as  follows: 

a  —  o.i^cls.  per  lb.  This  covers  plain  punching  one  size  of  hole  in  web  only.  Plain  punching, 
one  uze  of  hole  in  one  or  both  flanges. 

b  —  O.iscts.  per  lb.  This  covers  jjlain  punching  one  size  of  hole  either  in  web  and  one  flange 
or  web  and  both  flanges.     (The  holes  in  the  web  and  flanges  must  be  of  same  size.) 

c  —  o.vxts.  per  lb.  This  covers  punching  of  two  sizes  of  holes  in  web  only.  Punching-  of 
two  sizes  of  holes  either  in  one  or  both  flanges.  One  size  of  hole  in  one  flai^e  and  another  size 
of  hole  in  the  other  flange. 

d  -  0.3501.  per  lb.  ■ 
angles  and  assembling  int 
separators  only. 

e  —  o.Mts.  per  lb.  This  covers  punching  of  one  size  of  hole  in  the  web  and  another  size  of 
hole  in  the  tlang^  | 

/  —  O.iscls.  per  lb.     This  covers  cutting  to  length  with  less  vibration  than  +  {  in. 

r  ~  o.socfi.  per  lb.  This  covers  beams  with  cover  plates,  shelf  angles,  and  ordinary  riveted 
beam  work.  If  this  work  consists  of  bending  or  any  unusual  work,  the  beams  should  not  bt 
included  in  beam  classification. 

Fittings. — ^All  fittings,  whether  loose  or  attached,  such  as  angle  connections,  bolts,  separators, 
tie  rods,  etc.,  whenever  they  are  estimated  in  connection  with  beams  or  channels  to  be  charged 
at  i-ss^ts.  per  lb.  over  and  above  the  base  price.  The  extra  charge  for  painting  is  to  be  addeid 
to  the  price  for  fittings  also.  The  base  price  at  which  fittings  are  ngured  is  not  the  base  price  of 
the  beams  to  which  they  are  attached  but  is  in  all  cases  the  base  price  of  beams  15  in.  and  undcr. 

The  above  rates  will  not  include  painting,  or  oiling,  which  ^ould  be  charged  at  the  rate  of 
o.iocts.  per  lb.  for  one  coat,  over  and  above  the  base  price  plus  the  extra  specified  above. 

For  plain  punched  beams  where  more  than  two  sizes  of  holes  are  used,  O.IScts.  per  lb.  should 
be  added  for  each  additional  size  of  hole,  for  example,  plain  punched  beams,  where  three  sizes  of 
holes  occur  would  be  indicated  as:  e  +  o.iscts.,  four  sizes  of  holes;  e  +  O.^Octs.  For  example: 
a  beam  with  |  in.  and  }  in.  holes  in  the  flanges  and  f  in.  and  J  in.  holes  in  the  web  shoula  be 
included  in  class  e. 

Cutting  to  length  can  be  combined  with  any  of  the  other  rates,  class  d  excepted,  and  would 
have  to  be  mdicated;  for  example:  Plain  punchmg  one  size  of  bole  in  either  web  and  one  flange, 
or  web  and  both  flanges,  and  cutting  to  length  would  be  marked  bf,  which  would  establish  a  total 
charge  of  0.4Octs.  per  lb. 

Note  to  doss  d.^No  extra  charge  can  be  added  to  this  class  for  punching  various  uses  of 
holes,  or  cutting  to  exact  lengths;  in  other  words;  if  a  beam  is  coped  or  has  connection  angles 
riveted  or  bolted  to  it,  it  makes  no  difference  how  many  sizes  of  holes  are  punched  in  this  beam, 
the  eMra  will  always  be  the  same,  namely  o.jScts.  When  beams  have  angles  or  plates  riveted  to 
them,  and  same  are  not  half  length  of  the  beam,  figure  the  beams  as  class  d,  and  the  plates  and 
angles  as  beam  connections. 

Note  to  class  r. — This  rate  of  o.socts.  per  lb.  applies  to  all  the  material  making  up  the  riveted 
beam.  In  case  of  assembled  girders  in  which  one  of  the  beams  should  be  classed  as  a  riveted 
beam,  in  making  up  the  estimate,  figure  only  the  beam  affected  as  included  in  class  "r."  When 
beams  have  angles  or  plates  rivetedto  them  and  same  are  half  length  or  more  than  half  length 
of  the  beam,  figure  the  beams  as  class  "r,"  including  the  plates  or  angles  and  rivets.  When 
iS  In.,  30  in.,  or  34  in.  beams  are  in  "r"  class  keep  the  I's  separate  from  the  material  (plates, 
cast  iron,  separators,  angles  and  rivets)  which  should  go  under  heading,  "  15  in.  I's  and  Under." 

Beams  should  be  divided  as  15  in.  I's  and  under,  and  18  in.,  30  in.  and  34  in.  I's.  If  there 
are  only  one  or  two  sizes  of  beams  in  any  particular  class,  give  exact  Mzes,  instead  of  "15  in,  I's 
and  Under." 
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channels  and  larger  as  two  punched,  unless  they  are  shown  or  noted  otherwise,  i 
from  other  beams. 

No  extra  charge  can  be  added  to  curved  beams  for  riveting,  cutting  to  length,  etc. 

Subdividii^  work  into  a  large  number  of  classes  should  be  avoided;  it  is  better  to  have  too 
few  classes,  rather  than  too  many. 

The  only  subdivision  necessary  for  cast  iron  columns  are:  I  in.  and  over,  and  under  i  in. 
Columns  with  ornamental  work  cast  on  must  be  kept  separate. 

Round  and  Square  Bars.— In  estimating  round  and  square  bars  use  the  standard  card  for 
extras.  Table  III.  It  is  not  usual  to  enforce  more  than  one-half  the  standard  card  extras  for  round 
and  square  bars. 

Bxtima.— Shapes,  Plalei  and  Bars: 
(Cuttii^  to  length) 

Under  3  ft.  to  a  ft.,  inclusive. 

Under  3  ft.  to  1  ft.,  incluMve 

Under  I  ft 

Extras — Plates  (Card  of  January  7,  1903): 

Base  1  in.  thick,  100  in.  wide  and  under,  rectangular  (se 

Widths— 100  in.  to  no  In 


:.  per  lb. 
i.  per  lb. 
:.  per  lb. 


115  in.  to  I30in... 
130  in.  to  135  in. . . 
135  in.  to  130 in... 


and  including  A  in 

0  and  including  No.  8 . . . 
3  and  including  No.  9 .  .  . 
a  and  including  No.  10. . 
to  and  including  No.  13 . 


Over  130 
Gages  under  ]  in.  ti 
Gages  under  A  in. 
Gages  under  No.  8 
Gages  under  No.  9 
Gages  under  No.  10  to 

Complete  drcles 

Boiler  and  flange  steel 
Marine  and  fire  box . . 
Ordinary  sketches . . . . 

(Except  straight  taper  plates,  varying  not  more  than  4  in.  in  width  at  ends,  narrowest  end 
not  less  than  30  in.,  which  can  be  supplied  at  base  prices.) 

TABLE  III. 
SiANDABD  Classification  of  Extras  on  Ikon  and  Stbbl  Baks.* 
Rotmds  and  Squares. 
Squares  up  to  4t  inches  only.     Intermediate  sizes  take  the  next  higher  extra. 


*  Adopted  August,  1903. 
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TABLE  111.— CotiHnued. 

Standard  Classification  of  Extras  on  Iron  and  Stbbl  Bars. 

Flat  Bars  and  Heavy  Bands. 


FJal  Bars  and  Heavy  Bands. 


Light  Bars  and  Bands. 


1.  X  Noe. 
1.  X  Nos. 
1.  X  Nos. 
1.  X  Nob. 
I.  X  Nos. 
I.  X  Noa. 
I.  X  Nos. 
\.  X  Nob. 
I.  X  Nob. 
I.  X  Nos. 

X  Nos. 

X  Nos. 

X  Noa. 

XNoB. 

XNoB. 

XNoa. 


7,  8,  9  and  A  in.. , 

7,  8,  9  and  A  iX"  ■ 

7,  8,  9  and  Ail... 
lo,  II,  12  and  i  in. 
7,  8,  9  and  A  in.  . 
10,  II,  13  and  i  in. 
7,  8,  9  and  Ain--- 
lO,  II,  13  and  1  in. 
7,  8,  9  and  A  in..-  ■ 

7,  8,  9  and  Ain-.- ■ 

7,  8,  9  and  A  '■>■■■ 
lo,  II,  13  and  i  in. 


HOI  Orders. — In  mill  orders  the  followit^  items  should  be  borne  in  mind.  Where  beams  butt 
at  each  end  against  some  other  member,  order  the  beams  )  in.  shorter  than  the  figured  lengths 
this  will  allow  a  cleaiaoce  of  i  in.  if  all  beams  come  )  in.  too  long.  Where  beams  are  to  be  built 
into  the  wall,  order  them  in  full  lengths,  making  no  allowance  for  clearance.  Order  small  plates 
in  multiple  lengths.  Irregular  plates  on  which  there  will  be  considerable  waste  should  be  ordered 
cut  to  templet.  Mills  will  not  make  reentrant  cuts  in  plates.  Allow  1  in.  for  each  milling  for  ■ 
members  that  have  to  be  faced.  Order  web  plates  for  girdeis  }  to  i  in.  narrowerthan  the  distance 
back  to  back  of  angles.  Order  as  nearly  as  possible  every  thing  cut  to  reqiured  length,  excejX 
where  there  is  liable  to  be  chaises  made,  in  which  case  order  long  lengths. 

It  is  dten  possible  to  reduce  the  cost  of  mill  details  by  having  the  mills  do  only  part  of  the 
work,  the  rest  being  done  in  the  field,  or  by  sending  out  from  the  shop  to  be  riveted  on  Jn  the  field 
n  aisles  and  other  small  details  that  would  cause  the  work  to  take  a  very  much  higbet  | 
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should  be  used  wherever  poedble,  and  special  work  should  be 

t  on  ordering  material,  see  Chapter  XIL 
In  estimating  the  cost  of  plain  material  in  a  finished  structure  the  shipping  weight  from  the 
structural  shop  is  wanted.  Ths  cost  of  material  f.  o.  b.  the  shop  must  therefore  include  the  cost 
of  waste,  paint  material,  and  the  freight  from  the  mill  to  the  shop.  The  waste  Is  variable  but 
as  an  average  may  be  taken  at  4  per  cent.  Paint  material  may  be  taken  as  two  dollars  per  ton. 
The  cost  of  plain  material  at  the  shop  would  be 

Average  cost  per  lb.  f.  o.  b.  mill,  say 1.75  cts. 

Add  4  per  cent  for  waste 07    " 

Add  $2.00  per  ton  for  paint  material 10    " 

Add  freight  from  mill  to  shop  (Pittsburg  to  St.  Louis) 335  " 

Total  cost  per  pound  f,  o.  b.  shop 2,145" 

To  obtain  the  average  cost  of  steel  per  pound  multiply  the  pound  price  of  each  kind  of  material 
by  the  percentage  that  this  kind  of  material  is  of  the  whole  weight,  the  sum  of  the  products  will 
be  the  average  pound  price. 

(c)  COST  OF  SHOP  LABOR.— The  cost  of  shop  labor  may  be  calculated  for  the  different 
parts  of  the  structure,  or  may  be  calculated  for  the  structure  as  a  whole.  The  following  costs 
are  based  on  an  average  charge  of  40  cents  per  hour  and  include  detailing  and  shop  labor.  The 
cost  of  fabricating  beams,  channels  and  angles  which  are  simply  punched  or  have  connection 
angles  loose  or  attached  should  be  estimated  on  the  basis  of  mill  details,  which  see. 

SHOP  COSTS  OF  STEEL  FRAME  BUILDINGS.— The  following  costs  of  different  parts 
of  stee!  frame  office  and  mill  structures  are  a  fair  average. 

Columns. — In  lots  of  at  least  six,  the  shop  cost  of  columns  is  about  as  follows:  Columns 
made  of  two  channels  and  two  plates,  or  two  channels  laced  cost  about  0.80  to  O.70  cts.  per  lb., 
for  columns  weighing  from  600  to  1,000  lb.  each;  columns  made  of  4  angles  laced  cost  from  o.So 
to  l.IO  cts.  per  lb.;  columns  made  of  two  channels  and  one  1-bcam,  or  three  channels  co«t  trom 
0.65  to  0.90  cts.  per  lb.;  columns  made  of  single  I-beams,  or  single  angles  cost  about  0.50  cts.  per 
lb.;  and  Z-bar  columns  cost  from  0.70  to  0.90  cts.  per  lb. 

Plain  cast  columns  cost  from  1.50  to  0.75  cts.  per  lb.,  for  columns  weighing  from  500  to  3,500 
lb.,  and  in  lots  of  at  least  six. 

Rod  TmsMB. — In  lots  of  at  least  six,  the  shop  cost  of  ordinary  riveted  roof  trusses  in  which 
the  ends  of  the  members  are  cut  off  at  right  angles  is  about  as  follows:  Trusses  weighing  1,000  lb. 
each,  1. 15  to  1.25  cts.  per  lb.;  trusses  weighing  1,500  lb.  each,  0.90  to  i.oo  cts.  per  lb.;  trusses 
weighing  3,500  lb.  each,  0.75  to  0.85  cts.  per  lb.;  and  trusses  weighing  3,500  to  7,500  lb.  0.60  to 
a.75  cts.  per  lb.     I^n-connected  trusses  coat  from  o.  10  to  0.30  cts.  per  lb.  more  than  riveted  trusses. 

Bare  Strnts. — Ordinary  eave  struts  made  of  4  angles  laced,  whose  length  does  not  exceed 
10  to  30  ft.,  cost  for  shop  work  from  0.80  to  l.oo  cts.  per  lb. 

Hate  Girders. — The  shop  work  on  plate  girders  for  crane  girders  and  floors  will  coat  from 
0.60  to  1.35  cts.  per  lb.,  depending  upon  the  weight,  details  and  number  made  at  one  time. 

TABLE  IV. 

Shop  Cost  of  Circular  ani>  Rectangular  Bins  and  Stand-Pipes,  not  Including 

HoppEas  OR  Bottoms. 


TlilckHMaf  Metal.  Id. 

Shop  Com  In  Cents  per  Lb.                                     | 

Water  TI(ht. 

Blna. 

■   r 

0.90 

0.80 

0.7S 

0.80 

0-7S 

IT, 
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SHOP  COSTS  OF  BINS  AND  STAND-PIPES.— Shop  costs  for  circular  and  rectangular 
bins  and  stand-pipes  are  given  in  Table  IV,  while  shop  costs  (or  bin  and  elevated  tank  bottoms 
are  given  in  Table  V.    The  shop  cost  of  towers  for  elevated  tanks  are  given  in  TaUe  VL 

TABLE  V. 
Shop  Cost  op  Bottous  pok  Cikcular  and  Rbctanodlak  Bins  and  Stand-Pipes. 


ThickniMof  Matobd, 
In. 

Ftot  Bottom.  CenW 

5[>lKrlc>I  Bottom. 
CenUpuLb. 

Conical  Bottom,  Ccnla 
per  Lb. 

H<mpeT  Bottom.  Odu 
P«U>. 

1 

I. SO 
MS 

1.+0 

i.JS 

4.00 

4-"S 
4.40 
4-SO 

J-SO 
J.00 

1.7s 

i-SO 

1.SO 

a.40 

TABLE  VL 
Shop  Cost  of  Towebs  for  Elevated  Tanks  and  Bins. 


W«l«ht  o<  Towet  and  Bnudns  In  Lb. 

Sliol>Co«tlnCBit*|»U>.                               { 

AdjuMable  Bndof. 

Rimed  Bndng. 

1.30 

I.1S 

I^S 

SHOP  COSTS  OF  INDIVIDVAL  PARTS  OF  BRIIMSBS.—Tbecost  of  fabricating  joLtii 
and  other  aimilar  members  should  be  estimated  on  the  basis  of  mill  details,  which  see. 

Eye-Barfc^The  shop  cost  of  eye-bars  varies  with  the  size  and  length  of  the  bars  and  tht 
number  made  alike.  The  following  casta  are  a  fair  average :  Average  shop  costs  of  bars  3  in.  and ' 
teas  in  width  and  {  in.  and  less  in  thickness  is  from  1.30  to  1.80  cts.  per  lb.,  depending  upon  thi. 
lei^h  and  size.  A  good  order  of  bars  running  z^n.  X  ]  in.  to  3  in.  X  1  in.,  and  from  16  to  20 
ft.  long,  with  few  variations  in  size,  will  cost  about  I.ao  cts.  per  lb.  Large  bars  in  long  lengtbt 
ordered  in  large  quantities  can  be  fabricated  at  from  0.55  to  0.75  cts.  per  lb.  To  get  the  total  cost 
of  eye-bars  the  cost  of  bar  steel  must  be  added  to  the  shopcost.  Half  card  extras  given  in  Tabki 
III  should  ordinarily  be  added  to  the  base  price  of  plain  steel  bars. 

Chords,  Posts  and  Tower*. — In  lots  of  at  least  four,  the  shop  cost  is  about  as  follows:  Membcri 
made  of  two  channels  and  a  top  cover  plate  with  lacing  on  the  bottom  aide,  or  two  channels  lact^ 
on  both  sides  cost  about  i.oo  to  0.S5  cts.  per  lb.  for  pin-connected  members  weighing  from  60^ 
to  1,500  lb.;  and  about  0.80  to  0.70  cts.  per  lb.  for  members  with  riveted  end  connections.  Mentj 
bere  made  of  four  angles  laced  cost  from  0.80  to  i.io  cts.  per  lb.  for  members  with  riveted  end*. 
Members  made  of  two  angles  battened  will  cost  about  0.50  cts.  per  lb.  Aisles  used  without  en^ 
connections  should  have  their  cost  estimated  on  the  basis  of  mill  details,  which  sec. 

I^B. — The  cost  of  chord  pins  will  vary  with  the  size,  number  and  other  requirements. 
shop  cost  of  chord  pins  and  nuts  may  be  estimated  at  from  3.00  to  3.00  cts.  per  lb.     Rollers  v 
cost  practically  the  same  as  pins.     Rolled  rounds  ([un  rounds)  are  used  for  making  pins  a 

Latticed  Fence. — The  riiop  cost  of  light  simple  latticed  fence  made  of  two  3  i 
angles,  with  double  lacing  and  about  18  in.  deep,  will  be  about  3.00  cts.  per  lb.;  while  the  s^ 
cost  of  latticed  fence,  with  ornamental  rosettes  or  ornamental  plates,  may  be  as  much  as  4-OO  ■ 
5.00  cts.  per  lb. 

Floorbeams  and  Stringers. — Plate  Orders  used  for  floorbeams  and  strii^ers  will  cost  fro) 
0.60  to  1.25  cts.  per  lb.  depending  upon  the  weight,  details  and  number  made  at  one  tin 
beams  made  of  rolled  I-beams  will  cost  from  0.50  to  a75  cts.  per  lb.  .  I 
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SHOP  COSTS  OF  BKIDOBS  AS  A  WHOLE.— The  cost  will  be  Uken  up  under  the  head 
pin-connected  bridges,  riveted  bridges,  plate  girder  bridges,  combination  bridge  metal,  and 

Shop  Cwta  of  I4n-conmected  Bridges. — The  shop  costs  d  pin-connected  highway  or  railway 
Idges,  exclusive  of  fence  and  joists,  are  about  as  follows: 


Bridges  weighing 


5,000  lb.  and  less. . . 
5,000  to  10,000  lb. . 
10,000  to    20,000  lb. . 


1.30  cts.  per  lb. 


150,000  and  up 0.65    "     " 

Theae  costs  include  detailing  and  one  coat  of  shop  paint.     For  reaming  add  0.15  ct 
Shop  Costs  of  Riveted  Truss  Bridges. — The  shop  costs  of  riveted  truss  highway  01 
dges,  exclusive  of  fence  and  joists,  are  about  as  follows: 
Bridges  we^hing     5,00a  lb.  and  less 1.15  cts.  pe 


,  per  lb. 
railway 


o  to 


io,o< 


olb.. 


0-90 

"             "          30,000  to    40,000  lb 0.85  "     "     " 

"             "          40,000  to    60,000  lb 0.75  "     "     " 

"             "          60,000  to  100,000  lb 0.70  "     "■    " 

"  "        100,000  to  150,000  lb 0.65    ' 

"             "        150,000  lb.  and  up 0,60  "     "     " 

These  costs  include  detailing  and  one  coat  of  shop  paint.  For  reaming  add  0.15  cts.  per  lb. 
Shop  Costs  of  nmt«  Girder  Bridges. — The  shop  costs  of  plate  girder  highway  or  railway 
Iges,  exclusive  of  fence  and  joists,  are  about  as  follows: 


40,00 


Olb.. 


..0.90  cts.  per  lb. 

..0.85 

..0.75  "  "  " 
..0.70  "  "  " 
..0.60   "     "  " 


60,000  to  100.000  lb 

"  "        100,000  and  up 0.50   "     "     " 

Theae  costs  include  detailing  and  one  coat  of  shop  paint.    For  reaming  add  0.15  cts.  per  lb> 
Shop  Costs  of  TnbnUr  Piers  and  Culverts. — The  shop  costs  of  steel  tubular  pier  shells  and 
el  culvert  pipe  are  about  as  follows; 


Tubes  18  in.  to  24  In.  diameter,  i  ii 

"       24  in.  to  30  in.  diameter,  i  ij 

"       30  in.  to  48  in.  diameter,  1  ii 

"       48  in.  to  72  in.  diameter,  }  ii 

72  in.  and  up  \  ii 


to  f  in.  metal 0.75  to  0.65 


.  per  lb. 


to  J  it 
to|i. 


netal 0.65100.50    ' 


0.50  t. 


>-45    ■ 


The  above  shop  costs  include  detailing  and  one  coat  of  shop  paint.  The  necessary  bracing 
i  rods  for  tubular  piers  are  included. 

Shop  Cost  of  CtMufaination  Bridge  Metal.^Where  the  bars  and  rods  are  standard  and  the 
tings  are  made  from  standard  patterns,  the  metal  for  combination  bridges  can  be  fabricated 
about  the  same  cost  per  pound  as  for  pin-connected  spans  weighing  the  same  as  the  weight  ci 
:  metal  in  the  combinadon  bridges. 


,DyC0t)g[C 


436  EST[MATES  OF  STRUCTURAL  STEEL.  Chap.  Xi 

SStop  Coat  of  Howe  Truss  Bridge  UetaL — The  shop  co*t  of  highway  bridge  castings  nu 
from  standard  patterns,  is  from  1.50  to3.oocts.  per  lb.  The  shop  costs  of  the  plates,  rodsi 
other  miscellaneous  iron  ywwIc  will  be  from  2.00  to  3.50  Mb.  per  lb. 

COST  OF  ERECnON  OF  STEEL  FRAiCB  OFFICE  AND  HILL  BUILDIITGS  A| 
HIITE  STRUCTURES. — In  estimating  the  coat  of  erection  of  structural  steel  work  it  is  bes! 
divide  the  cost  into  (a)  cost  of  placing  and  bolting  steel,  and  (6)  cast  of  riveting.  The  cost  1 
be  based  on  labor  at  an  average  price  of  ti-^O  per  day  of  S  hours  or  40  cts.  per  hour. 

(a)  Coat  of  Pladng  and  Bolting. — The  cost  of  placing  and  bolting  mill  buildings  for  ordim 
conditions  may  be  estimated  at  from  (6.00  to  tfi.oo  per  ton.  The  cost  of  placing  and  bolting 
steel  office  buildings  may  be  estimated  at  from  $5.00  to  $9.00  per  ton.  The  cost  of  placing  if 
bolting  up  steel  bins  may  be  estimated  at  from  (lo.oo  to  $15.00  per  ton.  The  cost  of  pUii 
and  bolting  up  head  frames  may  be  estimated  at  from  fia.oo  to  f  18.00  per  ton. 

(6)  Coat  of  RiTcting. — It  will  cost  from  6  to  10  cts.  per  rivet  to  drive  I  or  1  in,  rivets 
hand  in  structural  framework  where  a  tew  rivets  are  found  in  one  place.  A  fair  average  is  7 1 
per  rivet.  The  same  size  rivets  can  be  driven  in  tank  work  for  from  4  to  7  cts.  per  rivet,  ■ 
5  cts.  per  rivet  as  a  fair  average. 

The  cost  of  riveting  by  hand  is  distributed  about  as  follows: 

3  men,  3  driving  and  i  buckir^  up,  at  13-50  per  day  of  8  hours f  10.50 

1  rivet  heater  at  $3.00  per  day  of  8  hours 3.00 

Coal,  toob,  superintendence 1. 50  I 

Total  per  day $15.00 

On  structural  work  a  fair  day's  work  driving  }  in.  or  f  in.  rivets  will  be  from  150  to  r, 
depending  upon  the  amount  of  scaffolding  required.  This  makes  the  total  cost  from  6  to  10  c 
per  rivet. 

On  bin  work  when  the  rivets  are  close  together  and  little  stagii^  is  required  the  gang  ab 
will  drive  from  200  to  400  rivets  per  day.     Thismakes  the  total  cost  from  about  4  to  7  cts.  per  rii 

Rivets  can  be  driven  by  power  riveters  for  one-half  to  three-fourths  the  above,  not  count] 
the  cost  of  installation  and  air.  The  added  cost  for  power  and  equipment  makes  the  cost 
driving  field  rivets  with  pneumatic  riveters  about  the  same  as  the  cost  of  drivii^c  field  rivets 

Soft  iron  rivets  }  in.  and  under  can  be  driven  cold  for  about  one-half  what  the  same  riv 
can  be  driven  hot,  or  even  less. 

Coat  ol  Erection. — Small  steel  frame  buildii^  will  cost  about  lio.oo  per  ton  for  the  erect 
of  the  steel  framework,  If  trusses  are  riveted  and  all  other  connections  are  bolted.  The  cost 
laying  corrugated  steel  is  about  fo.75  per  square  when  laid  on  plank  sheathii^,  fl.35  per  squ 
when  laid  directly  on  the  purlins,  and  ts.oo  per  square  when  laid  with  anti-condeneation  lini 
The  erection  of  corrugated  steel  siding  costs  from  (0.75  to  fi.oo  per  square.  The  cost  ot  criKD 
heavy  machine  shops,  all  material  riveted  and  including  the  cost  of  painting  but  not  the  cos 
the  paint,  is  about  $8.50  to  ^.00  per  ton.  Small  buildings  in  which  all  connections  arc  boll 
may  be  erected  for  from  (5.00  to  $6.00  per  ton.  The  cost  of  erecting  the  structural  framevi 
for  office  buildings  will  vary  from  $6.00  to  {10.00  per  ton. 

Actual  Coats  of  Erection. — The  cost  of  erecting  the  East  Helena  transformer  buildiiig,  iS 
was  f  12.80  per  ton,  including  the  erection  ot  the  corrugated  steel  and  transportation  of  the  m 
The  cost  of  erecting  the  Carbon  Tipple  was  $8, So  per  ton,  includii^  corrugated  steel.  The  a 
of  erection  of  the  Basin  &  Bay  State  Smelter  was  $S.3o  per  ton,  including  the  hoppers  and  cor 
gated  steel. 

The  cost  of  erecting  the  structural  steel  work  for  the  Great  Northern  Ry.  Grain  Ele\-i( 
Superior,  Wiscon^n,  was  I13.35  per  ton  including  the  driving  of  all  rivets.  There  were  loj 
tons  of  structural  steel  work,  and  3,000,000  field  rivets,  or  nearly  300  field  rivets  per  ton  of  stn 
tural  steel. 
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ErectiOD  of  Stractanl  Steel  for  an  Annoiy.* — The  structural  framework  for  the  new  armory 
:he  University  of  Illinois,  consists  of  three-hinged  arches  havii^  a  span  of  206  ft.,  and  a  center 
ght  of  94  ft.  3  in.  The  arches  are  spaced  36  ft.  6  in.  centers  and  are  braced  in  pairs.  The  total 
ight  of  structural  steel  was  985  tons,  and  contained  15,400,  J  in.  and  14,900,  j  in.  or  a  total  of 
300  field  rivets.     The  cost  of  erecting  the  structural  steel,  including  field  riveting  was  {9.55 

■  ton.     The  average  cost  of  driving  the  field  rivets  was  13. 1  cts.  each. 

COST  OF  ERECTIOK  OF  STEEL  BRIDGES.— The  cost  of  erection  ordinarily  includes: 
)  the  coat  of  hatiling  the  bridge  to  the  bridge  site;  (2)  the  buiidii^  of  the  falsework  and  the 
ciog  of  the  steel  in  position;  (3)  the  riveting  up  of  the  bridge,  and  {4)  painting  the  steel  and 

■  woodwork. 

Hauling. — Transportation  over  country  roads  will  ordinarily  cost  about  25  cts.  per  ton- 
k.  in  addition  to  the  cost  of  loading  and  unloading.  In  estimating  the  cost  of  hauling  on  any 
rticular  job  the  length  of  haul,  kind  of  roads,  price  of  teams  and  labor,  and  the  character  of 
•  teams  should  be  considered.  The  cost  of  loading  on  the  wagons  and  unloading  will  depend 
□n  the  local  conditions,  but  will  ordinarily  be  from  25  to  50  cts.  per  ton.  For  railroad  bridges 
:  steel  work  may  ordinarily  be  brought  directly  to  the  site  by  rail. 

Palsowork. — If  piles  are  to  be  used  the  cost  should  be  carefully  estimated.  The  cost  of  the 
ea  in  place  will  vary  with  the  cost  of  piles  and  local  conditions.  Under  ordinary  conditions 
es  in  falsework  will  cost  from  25  to  50  cts.  per  lineal  foot  in  place.  The  cost  of  the  timber  will 
pend  upon  local  conditions  and  upon  what  use  is  made  of  it  after  erection.  The  flooring  plank 
highway  bridges,  and  ties  and  guard  timbers  in  railway  bridges  can  often  be  used  in  the  false- 
■rk  without  serious  injury.  The  cost  of  erecting  the  timber  in  the  falsework  will  ordinarily  be 
im  $5.00  to  $8.00  per  thousand  ft.  B.  M. 

Erection  of  Tubular  Piers. — The  cost  of  setting  tubular  piers  for  highway  bridges  will  depend 
on  the  conditions.  Tubes  36  in.  in  diameter  and  20  ft.  long  have  been  set  in  favorable  locations 
r  $35.00  per  pair,  not  including  the  driving  of  the  piles  or  the  placing  of  the  concrete.  It  is, 
fwever,  not  safe  to  estimate  the  cost  of  setting  tubes  from  36  to  48  in.  in  diameter  under  eveK 
vorable  conditions  at  less  than  |2.00  per  lineal  foot  of  tube.  When  the  cost  of  setting  tubevbi 
ti  mated  by  weight,  it  should  be  figured  at  from  ^15.00  to  S20.00  per  ton,  for  ordinary  conditions., 
will  commonly  cost  from  25  to  50  cts.  per  lineal  ft.  to  drive  piles  in  tubes,  in  addition  to  the  cost, 
the  piles,  which  will  vary  from  10  to  20  cte.  per  lineal  foot.  The  concrete  will  commonly  oast 
>m  $6.00  to  $8.00  per  cu.  yd.  in  place  in  the  tube. 

Placing  and  Bolting. — The  cost  of  placing  and  bolting  up  riveted  highway  spans,  and  erecting 
D-connected  highway  spans,  no  rivets  being  driven,  is  about  as  follows: 

Highway  spans  from    30  to    60  ft f  12.00  to  $15.00  per  ton. 

"  "         "       60  to  100  ft 10.00  to    12.00    "      " 

"  "         "      100  to  150  ft 9.00  to    10.00   "      " 

"  "        "     150  ft.  and  up . . 8.00  "      " 

The  cost  of  placit^  and  bolting  up  railroad  spans  will  depend  so  much  upon  the  local  con- 
tions  and  equipment  that  it  is  difficult  to  give  general  costs. 

The  cost  of  driving  field  rivets  in  pin-connected  spans  will  vary  from  7  to  12  cts.  per  rivet, 
hile  the  cost  of  driving  field  rivets  in  riveted  trusses  will  vary  from  6  to  10  cts.  per  rivet.  The 
amljer  of  rivets  in  riveted  tow  truss  highway  bridges  depends  upon  the  number  of  panels  and 
ie  style  of  details,  3nd  will  be  about  155  to  200  for  a  three-panel  bridge,  and  400  to  500  for  a 
x-panel  bridge.  The  number  of  rivets  in  through  riveted  highway  bridges  will  be  about  250  to 
»  for  a  four-panel  bridge,  and  1,300  to  1,500  for  a  nine-panel  bridge.  Pin-connected  bridges 
tdinarily  have  about  ]  to  )  as  many  field  rivets  as  a  riveted  bridge  of  similar  dimensions. 

The  approximate  number  of  field  rivets  in  single  track  railway  bridges,  designed  for  E  55 
lading,  are  given  in  Table  VII. 

*  Engineering  and  Contracdi^,  Aug.  6,  1913. 
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TABLE  VI L 

NuvBER  OF  Fira.D  Rivets  is  Railway  Bridges,  Single  Track,  E  55  Loading 

(Harriman  Lines.) 

■   PtauGirdm. 

Tbraugb  Truaa  Bridiea. 

Deck. 

Through. 

RJvttrf. 

Pin-CooatrtoJ. 

Sp«.,P(. 

Number  of 
FtadRJveti. 

^«i.Ft. 

FMdRlveu. 

Span.  Ft. 

Field  Rlveu. 

Span,  Ft. 

SSi 

30 
40 

90 

100 

300 
400 

500 

30 
40 

s 

90 

600 

1)300 
1.700 
i,9«> 

1,000 

US 
140 
150 

2,900 
2,900 

4.300 

2,B00 

3.000 

3,» 

3,-co 

:';:;::::'i , 

The  field  rivets  on  the  aoth  St.  Viaduct,  Denver,  Colorado,  cost  7  cts,  each.     The  n 
were  driven  by  air  riveters. 

Actual  Coats  of  Erecting  Ranw*y  Bridges.— The  coat  of  erecting  railway  bridges  on  the  A 
&  S.  F.  Ry.  in  1907  are  given  in  the  report  of  the  Assoc,  of  Ry.  Supt.  of  B.  &  B.  as  foHoiFs- 

Trusses,  984  tons  erected,  coat  J4.63  per  ton. 

Plate  Girders,  2,784  tons  erected,  cost  $5.49  per  ton. 

I-Beams,  2,837  tons  erected,  cost  $2.&&  per  ton. 
-All  girders  and  Ibcams  were  erected  with  a  steam  wrecker  and  the  through  spans  with  a  d«f 
car.     The  reason  for  the  plate  girders  costing  more  to  erect  than  the  through  trusses  wasi 

many  of  the  plate  girders  were  on  second  track  where  the  old  girders  had  to  be  cut  apart  and  rnfl 
to  the  outside  and  heavier  girders  put  in  their  place.  All  rivets  were  driven  by  hand.  For  ai 
.tional  examples  of  actual  costs,  see  Gillette's  "Cost  Data." 

Tran^Kirtatioil,— Fabricated  structural  steel  commonly  takes  a  "fifth-class  rate"  ^1 
shipped  in  car  load  lota,  and  a  "fourth-class  rate"  when  shipped  "local"  (in  less  than  carll 
lots).  The  minimum  car  load  depends  upon  the  railroad  and  varies  from  20,000  to  30,00a 
Tariff  sheets  giving  railroad  rates  may  be  obtained  from  any  railroad  company.  The  shipfi 
clerk  should  be  provided  with  the  clearances  of  all  tunnels  and  bridges  on  different  lines  soil 
the  car  may  be  property  loatlcd. 

Freight  Rates. — The  freight  rates  (1913)  on  finished  steel  products  in  car  load  shipmentiix 
the  Pittsburgh  District,  includii^  plates,  structural  shapes,  merchant  steel  and  iron  bars,  p 
fittings,  plain  and  galvanized  wire,  nails,  rivets,  spikes  and  bolts  (in  kegs),  black  sheets  (cu^ 
[rfaniahed),  chain,  etc.,  are  as  follows,  in  cts.  per  100  lb.  in  carload  shipments;  Albany,  16;  Buft 
11;  Boston,  18;  Baldmore,  14!;  Cleveland,  10;  Columbus,  12;  Cincinnati,  15;  Chicago,  18:  DeM 
Colo.,  85i;  Harrisburg,  14}:  Louisville,  18;  New  York,  16;  Norfolk,  30;  Philadelphia,  15;  Rochet 
III;  Richmond,  30;  Scranton,  15;  St.  Louis,  23;  Washington,  14^, 

COST  OF  PAINTIKG.— The  amount  of  materials  required  to  make  a  gallon  U  pa 
and  the  surface  of  steel  work  covered  by  one  gallon  are  given  in  Table  Vlli.  Structural  sli 
should  be  painted  with  one  coat  of  linseed  oil,  linseed  oil  with  lamp-black  filler,  or  red  lead  p* 
at  the  shop;  and  two  coats  of  first-class  paint  after  erection.  The  two  field  coats  should  be 
different  colors;  care  being  used  to  see  that  first  coat  is  thoroughly  dry  before  applying  the  sew 
coat.  Steel  bridges  and  exposed  steel  frame  buildings  ordinarily  require  repainting  every  thi 
or  four  years. 

The  steel  work  in  the  extension  to  the  i6th  St.  Viaduct,  Denver,  Colo.,  was  painted  witli ' 
lead  paint  mixed  in  the  following  proportions, — 100  lb.  red  lead,  3  lb.  lamp-black  and  4.125  pi^ 
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of  linseed  oil.    This  mixture  made  6  galloos  of  mixed  paint  of  a  chocolate  color,  and  gave  i 
gallons  of  paint  for  each  gallon  of  oiL 

TABLE  VIII. 

Average  Surface  Covesbd  per  Gallon  of  Paint. 

Pencoyd  Hand  Book. 


ValUMe  of  OU. 


Iron  oxide  (powdered) 

Iron  oxide  (ground  in  oil). . 

Red  lead  (powdered) 

White  le«d  (ground  in  twl). , 
Graphite  (ground  in  oil) . .  . . 

Black  siphslt 

Linseed  oil  (no  pigment) 


Light  structural  work  wll  average  about  350  eq.  ft.,  and  heavy  etructural  work  about  150 
sq.  ft.  of  surface  per  net  ton  of  metal,  while  No.  20  corrugated  steel  bos  3,400  sq.  ft.  of  surface. 

It  IS  the  common  practice  to  estimate  i  gallon  of  paint  for  the  first  coat  and  |  gallon  for  the 
second  coat  per  ton  of  structural  steel,  for  average  conditions. 

The  price  of  paint  materials  in  small  quantities  in  Chicago  are  (1914)  about  as  follows: 
Linseed  dl,  50  to  60  cts.  per  gal.;  iron  oxide,  i  to  2  cts.  per  lb.;  red  lead,  7  to  8  cts.  per  lb.;  white 
lead,  6  to  7  cts.  per  lb.;  graphite.  6  to  10  cts.  per  lb. 

A  good  painter  should  paint  1,300  to  1,500  sq.  ft.  of  plate  surface  or  corrugated  steel  or  300 
to  500  sq.  ft.  of  structural  steel  work  in  a  day  of  8  hours;  the  amount  covered  depending  upon  the 
amount  of  staging  and  the  paint.  A  thick  red  lead  paint  mixed  with  30  lb.  of  lead  to  the  gallon 
of  oil  will  take  fully  twice  as  long  to  apply  as  a  graphite  paint  or  Unseed  oil.  The  cost  of  applying 
paint  is  roughly  equal  to  the  cost  of  a  good  quality  of  paint,  the  cost  per  ton  depending  on  the 
spreading  qualities  of  the  paint.  This  rule  makes  the  coat  of  applying  a  red  lead  paint  with  30  lb. 
of  pigment  per  gallon  of  oil  from  two  to  three  times  the  cost  of  applying  a  good  graphite  paint, 
per  ton  of  structural  ateel.     For  additional  data  on  paints,  see  Chapter  XV. 

MISCBLLAITEOnS  COSTS.—The  following  approximate  costs  will  be  of  value  in  making 
preliminary  estimates.  The  cost  of  construction  depends  so  much  upon  local  conditions  that 
average  costs  should  only  be  used  as  a  guide  to  the  judgment  of  the  engineer. 

MIU.  BUILDING  FLOORS.— The  following  costs  are  for  floors  resting  on  a  good  compact 
soil  and  do  not  include  unusual  difficulties. 

Timber  Flow  on  Pitch-Coacret«  Bass. — ^The  cost  varies  from  about  $1.35  per  sq.  yd.  for  a 
3.in.  pine  sub-floor  and  a  {-in.  pine  finish,  to  about}!. 75  persq.  yd.  for  a  3-in.  pine  sub-floor  and  a 
I-in.  maple  finish. 

Concrete  Floor  on  OrRvel  Sub-bSM. — The  cost  varies  from  $1.35  to  >3.oo  per  sq.  yd. 

CreoBOted  Timber  Block  Floor.— Creosoted  timber  blocks  3  in.  to  4  in.  thick,  laid  on  a  6-in. 
concrete  base,  will  cost  from  $3.50  to  $3.50  per  sq.  yd. 

ROOFIIfG  FOR  MILL  BUIL DINGS.— The  following  costs  include  the  cost  of  materials 
and  the  cost  of  laying,  but  do  not  include  the  cost  of  the  sheathing. 

Carmnated  Steal  Roofing. — The  weight  of  corrugated  steel  roofing  and  siding  may  be  ob- 
tained frora  Table  I,  Chapter  I.  The  price  of  corrugated  steel  may  be  obtained  from  current 
quotations  In  Engineering  News  or  Iron  Age,  The  cost  of  laying  corrugated  bteel  is  about  $0.75 
per  square  when  laW  on  plank  sheathing,  $1.35  per  square  when  laid  directly  on  the  puriins,  and 
$2.00  per  square  when  laid  with  anti-condensation  lining.  The  erection  of  corrugated  aiding 
costs  from  ^0.75  to  $1 .00  per  sqnaic    Asbestos  paper  coots  from  3i  to  4  cts.  per  lb.    Galvanized 
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wire  netting,  No.  19,  costs  35  to  30  cts-  per  square  0/  100  sq.  ft.  Brais  wire,  No.  3o,  costa  about  20 
cts.  per  lb.  No.  9  galvanized  wire  costs  about  3  eta.  per  lb.  For  trimminga,  flashing,  ridge  toll, 
etc,  add  i  ct.  per  lb.  to  the  base  price  of  corrugated  steel. 

Tar  and  Grarel  RooSng. — Four-  or  five-ply  tar  and  gravel  roofiog,  for  average  condition!, 
costs  from  >3.75  to  $4.00  per  square,  not  includii^  sheathing.  Five  hundred  squares  of  5-ply 
tar  and  gravel  roofing,  in  1913,  in  the  middle  west,  cost  $3.93  per  square,  not  including  sheathing. 

Tin  Roofing.— Tin  roofing  costs  from  $7.00  to  $9.00  per  square,  not  including  sheathing. 

SUt«  Roofing. — Slate  roofing  costs  from  $7,00  to  $13.00  per  square,  not  including  sheathing. 

Tile  Roofing. — The  cost  of  tile  roofing  is  variable,  depending  upon  style  of  roof  and  location 
and  local  conditions,  and  may  vary  from  I13.00  to  $30.00  per  square,  not  including  sheathing. 

WINDOWS. — Windows  with  wooden  frames  and  sash,  and  double  strei^h  glass,  will  co&i 
from  35  to  50  cts.  per  sq.  ft.  of  opening.  Windows  with  metal  frames  and  sash  and  wire  glass, 
will  cost  from  45  to  55  cts.  per  sq.  ft.  of  opening. 

SETUOHTS. — Skylights  with  metal  frames  and  sash  and  wire  glass,  will  cost  from  50  to 
60  cts.  per  sq.  ft.  Skylights  made  of  translucent  fabric  stretched  on  wooden  frames,  will  con 
from  35  to  30  cts.  per  sq.  ft.     Louvres  without  frames,  will  coat  about  25  cts.  per  sq.  ft, 

CIRCULAR  VENTILATORS.— Circular  ventiUtors  will  cost  about  as  follows: — i3-in., 
$3.00;  iS-in.,  $6.75;  34-in.,  f  10.00;  36-in.,  {15.00  each,  when  ordered  in  lots  of  at  least  six. 

ROLLING  STEEL  SHUTTERS.— Rolling  steel  shutters  will  cost  fo.75  to  tl.OO  per  aq.  fl. 

WATERPROOFING. — The  following  costa  for  waterproofing  engtneeiing  structures  are 
taken  from  the  Proceedings  of  the  American  Railway  Engineering  Association,  Vol.  I3,  1911. 
(i)  Bridge  floor.  6-ply  felt  and  pitch,  laj  cts.  per  sq.  ft.,  including  protection  over  waterproofing. 
(3)  Trough  bridge  floor,  4-ply  burlap  and  asphalt,  10  to  i6i  cts.  per  sq.  ft.  (3)  Bridge  floor,  3-pK' 
burlap  and  asphalt,  and  asphalt  mastic,  16  cts.  per  sq.  ft.  (4)  Concrete  slab  bridge  floor,  5-ply 
felt,  I-ply  burlap  and  pitch,  15!  cts.  per  aq.  ft.,  including  a  10  year  guarantee. 

HISCBLLANEOnS  MATERIALS.— The  following  prices  are  for  small  lots,  f.o.b.  Pittsburgh 
(May,  i9"4)- 

Chain. — Standard  chain,  A  '«-.  7i  cts.  per  lb.;  i  in.,  3  eta  per  lb.;  i  in.,  3.6  cts.  per  lb. 
For  BB  chain,  add  i|  cts.  per  lb.,  and  for  BBB  chain,  add  3  cts.  per  lb. 

Nails. — Base  price  of  nails,  $a.oo  per  keg  of  100  lb. — 30d  to  60  d  nails  are  base;  (or  lod  to 
l6d,  add  S  cts.  per  keg;  for  Sd  and  gd,  add  10  cts.  per  keg;  for  6d  and  7d,  add  ao  cts.  per  keg: 
for  4d  and  sd,  add  30  cts.  per  keg;  for  3d,  add  45  cts.  per  keg,  and  for  sd,  add  70  cts.  per  keg. 

Gas  IHpe. — Gas  pipe  costs  about  as  follows: — Standard  gas  pipe  1  in.  diam.,  black,  3}  cts. 
per  ft.,  glavanized,  5  cts.  per  ft.;  3  in.  diam.,  black,  ji  cts.  per  ft.,  galvanized.  It  cts.  per  ft.;  3  in. 
diam.,  black,  l6i  cts.  per  ft.,  galvanized,  33  cts.  per  ft. 

Steel  Railroad  RaUs. — Bessemer  rails,  fiS  per  gross  ton  (3340  lb.);  open-hearth,  $30  per 

Wire  Rope. — The  cost  of  steel  wire  rope  is  about  as  fallows: — t  i"'  rope,  10  cts.  per  lineal  ft.; 
]  in.  rope,  13  cts.  per  lineal  ft.;  I  in.  rope,  30  cts.  per  lineal  ft.;  i}  in.  rope,  45  cts.  per  lineal  ft. 

Manila  Rope. — Manila  rope  costs  about  li)  cts.  per  lb.    Sisal  rope  costs  about  9  cts-  per  lb. 

HARDWARE  AND  ICACHIHISTS  SUPPLIES.— Prices  of  hardware  and  machinists 
supplies  are  for  the  most  part  quoted  by  giving  a  discount  from  standard  list  prices.  The  "  Iron 
Age  Standard  Hardware  Lists,"  price  $3.00,  may  be  obtained  from  the  Iron  Age  Book  Department, 
339i  W.  3gth  St.,  New  York.  Discounts  from  these  standard  lists  are  given  each  week  in  Iron 
Age.  The  base  prices  of  structural  materials  are  given  in  the  first  issue  c^  each  month  of  Ei^necr- 
ing  News,  and  are  given  in  each  issue  of  Iron  Age. 

RBFBRENCBS.— For  detailed  estimates  of  steel  mill  building!  and  additional  data  on  the 
cost  of  steel  mill  buildings  see  the  authors  "  The  De«gn  of  Stcd  Mill  Buildings."  For  detailed 
estimates  of  steel  highway  bridges  and  additional  data  on  the  cost  of  steel  b^way  bridges,  see 
the  author's  "  The  Design  of  Highway  Bridges."  For  data  on  the  cost  of  retaining  walls,  bins  and 
grain  elevators,  see  the  author's  "  The  Deagn  of  Walls,  Bins  and  Grain  Elevators."  For  data 
on  the  coat  of  steel  head  frames,  coal  tipples,  and  othei*  mine  structures,  see  the  author's  "  The 
DeMgn  of  Mine  Structures.''  /"-   ,   ,.,1., 
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CHAPTER  XIV. 

Erection  of  Structural  Steel. 

HETHODS  OF  ERECTION. — The  method  used  in  erecting  a  steel  structure  will  depend 
upon  the  type  of  structure,  the  uze  of  the  structure,  the  risk  to  be  taken,  as  in  bridge  erection, 
whether  the  structure  is  to  be  erected  without  interfering  with  traffic,  a.s  in  erecting  3  railroad 
bridge  to  replace  an  existing  structure,  or  in  erecting  a  building  over  furnaces  or  working  machinery, 
the  available  tools,  and  local  conditions.  The  tendency  of  modem  structural  steel  erection 
practice  is,  as  far  as  possible,  to  use  derrick  cars  for  erecting  railway  bridges  and  locomotive  cranes 
for  erecting  mill  buildings  and  other  structures. 

The  methods  of  erection  that  may  be  used  for  erecting  different  steel  structures  are  as  follows. 

Plate  Girders  and  Short  Rireted  Spans. — Plate  {^rders  up  to  about  60  ft.  span  are  very 
commonly  riveted  up  complete  with  cross  frames  and  bracing,  either  at  the  shop  orat  the  site,  and 
are  placed  in  position  oa  the  abutments.  With  plate  girders  longer  than  60  ft.  and  short  riveted 
trusses  one  girder  or  truss  is  placed  in  position  at  a  time  and  the  floorbeams  and  bracing  are  put 
in  place  after  the  girders  or  trusses  are  in  place.  The  girders  or  trusses  may  be  swung  into  place 
by  a  stiff-leg  derrick  or  a  guy  derrick  set  up  aloi^side  the  track  or  back  of  the  abutment  where 
there  is  no  track;  by  a  derrick  car,  or  may  be  hcasted  into  place  by  a  gin  pole.  Where  falsework 
has  been  placed  Orders  are  picked  up  from  the  cars  by  two  gallows  frames,  one  near  each  end  of  the 
span,  or  by  one  gallows  frame  and  a  derrick.  Plate  girders  may  also  be  put  in  place  by  sliding 
into  place  either  longitudinally  or  transversely,  or  by  jacking  and  cribbing. 

TniSB  Bridges. — Riveted  trusses  up  to  a  span  of  100  to  125  ft.  may  be  riveted  up  on  the 
bank  and  be  swung  into  place  by  a  boom  traveler  or  a  derrick.  The  floorbeams  and  bracing 
are  then  put  in  place  and  the  span  riveted  up.  Where  falsework  is  required  the  bridge  may  be 
erected  by  a  gantry  or  outside  traveler  placed  outside  of  the  trusses,  by  a  boom  traveler  running 
on  a  track  placed  inside  the  trusses,  or  by  a  derrick  car.  The  gantry  or  outside  traveler  is  com- 
monly used  for  long  spans  and  for  highway  spang  where  no  tracks  are  available.  The  boom 
traveler  is  commonly  used  for  elevated  railway  and  highway  viaducts.  The  derrick  car  is  now 
commonly  used  for  erecting  railway  bridges  and  is  sometimes  used  for  erecting  viaducts. 

CutileTer  Bridges. — Cantilever  bridges  are  commonly  erected  by  means  of  an  overhang 
traveler  running  on  the  completed  portion,  the  structure  being  built  out  from  the  shore.  Canti- 
lever bridges  are  sometimes  erected  on  falsework  in  the  same  manner  as  simple  trusses. 

Arch  Billies. — Arches  may  be  erected  on  falsework  in  the  same  manner  as  simple  truss  spans, 
or  may  be  cantilevered  out  from  each  abutment,  the  cantilever  being  supported  by  temporary 
cables  running  over  a  tower  placed  back  of  the  abutments. 

Hi^  Viaducts. — High  steel  viaducts  are  commonly  erected  by  means  of  an  overhang  or 
boom  traveler  running  on  a  track  on  top  of  the  viaduct  girders.  The  overhang  or  boom  is  long 
enough  to  place  a  tower  in  advance  with  the  traveler  on  the  completed  portion.  Derrick  cars 
have  also  been  used  for  erecting  high  steel  viaducts.  The  towers  and  the  girders  may  be  erected 
by  means  of  gin  poles.  The  tower  bents  may  be  bolted  up  before  raiwng  or  may  be  erected  and 
bolted  up  in  place. 

Rod  Trasses,  Hill  and  Offlc«  Bufldlngs.— Where  there  is  sufficient  room,' roof  trusses  up 
to  150  ft.  span  may  be  riveted  or  bolted  up  on  the  ground  and  may  then  be  raised  into  position 
by  means  of  one  or  two  gin  poles.  Two  gin  poles  should  be  used  for  long  trusses.  Care  should 
be  used  not  to  cripple  the  lower  chord.  With  light  triwsea,  the  lower  chord  members  should  be 
stiffened  by  means  of  timbers  or  other  stiff  members  temporarily  bolted  or  lashed  to  the  member. 
Columns  and  beams  in  office  buildings  may  be  erected  with  stiff-leg  or  guy  derricks,  or  "A" 
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(c)  Derrick  Crab  (d)  Hoisting  Engine 

Fig.  1.    Hoists  for  Steel  Erection. 

vrry  rnnvcnimt.     Locomotive  cranes  are  now  u»e<I  tor  erecting  mill  buildings  and  amilar  stnic- 
turcn  where  track*  arc  available. 

Elevated  Towm  and  Tanki. — The  towers  for  high  tanks  are  commonly  erected  by  means 
of  a  gin  pole.  A  gin  pole  long  enough  to  erect  the  entire  tower  may  be  used,  or  short  gin  poles 
muy  lie  laiihcd  to  the  part  of  the  tower  already  erected;  the  gin  poles  being  moved  up  as  the  erection 
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proceeds.    Steel  tanks  are  commoiily  erected  from  a  movable  platform  suspended  inwde  the 
tank.     A  movable  swingii^  platform  for  the  riveters  is  also  swung  outside  of  the  tank. 

ERKCTION  TOOLS.— The  tooU  and  appliances  used  in  the  erection  of  structural  steel  vary 
so  much  that  it  will  only  be  possible  to  give  a  brief  summary  t<%ether  with  data  not  ordinarily 
available.  Many  of  the  tools  and  appliances  used  in  the  erection  of  structural  steel  are  of  standard 
contruction  and  may  be  purchased  direct  from  dealers,  so  that  a  detailed  description  is  not  neces- 

Deaicii  of  Erection  Tools. — For  the  design  of  hoists,  derricks,  cranes,  crane  books,  and  other 
tools  used  in  bridge  erection,  see  Hess's  "Machine  De»gn,  Hoists,  E)erTicks,  Cranes,"  published 
by  J.  B.  Lippincott  Company. 

H^Bts. — Hoisting  engines  may  have  the  boilers  attached  or  may  be  detached.  A  8elf.con- 
tained  steam  hoisting  engine  is  shown  in  Fig.  i.  Gasoline  or  electric  power  may  be  used  to 
advant^e  where  available.  For  light  hoisting  the  4-spool  engine  is  commonly  used.  Data  for 
the  standard  hoisting  engines  used  by  the  American  Bridge  Company  are  given  in  Table  I. 

Winches  and  Crabs. — For  light  hoisting  winches  or  ciabs  operated  by  hand  power  may  be 
used.  A  crab  ia  attached  to  the  mast  or  boom,  while  a  winch  is  self-contained.  Views  of  a  crab 
and  of  a  winch  are  shown  in  Fig.  1. 

HOISTING  ROPE.—Either  manila  rope  or  wire  rope  may  be  used  for  hoisting. 

Manfl*  Rope. — Only  the  very  best  new  manila  rope  should  be  used  for  hoiatii^,  as  manila 
rope  rapidly  deterioiates  when  used  and  commercial  manila  rope  varies  greatly  in  strei^th.  The 
weight,  ultimate  strengths  and  safe  working  loads  for  manila  rope  are  given  in  Table  II.  Working 
loads  with  a  factor  of  safety  of  three  should  only  be  used  with  new  rope  of  the  best  quality. 

TABLE  I. 
Standard  Hoisting  Engines.    American  Bridge  Company. 
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Knols  in  Manila  Rape. — In  a  knot  no  ti 

ve  in  the  Banie  direction  in  case  the  rope  wi 

>wn  in  F^.  3  which  has  been  talran  from  C. 

I.  Bight  of  a  rope. 

3.  Simple  or  Overhang  KnoL 

3.  Figure  S  Knot. 

4.  Double  Knot. 

5.  Boat  Knot. 

6.  Bowline,  first  step. 

7.  Bowline,  second  step. 

8.  Bowline,  completed. 

9.  Square  or  Reef  Knot. 

10.  Sheet  Bend  or  Weaver's  Knot. 

11.  Sheet  Bend  with  a  tt^gle. 

12.  Carricic  Bend. 

13.  "Stevedore"  Knot  completed. 

14.  "Stevedore"  Knot  commenced. 

15.  Slip  Knot. 


to  parts  which  lie  alongdde  of  each  other  should 
ire  to  slip.  A  few  of  the  more  common  knots  an 
W.  Hunt  Con^iany's  book  on  "Manila  Rope." 

16.  Flemish  Loop. 

17.  Chain  Knot  with  to^te. 

18.  Half-hitch. 

19.  Timber- hitch, 
ao.  Clove-hitch. 
21.  Rolling  hitch. 

33.  Timber-hitch  and  Half-hitch. 

33.  Black- wall-hitch. 

34.  Fishennan's  Bend. 

35.  Round  Turn  and  Half-hitch. 

36.  Wall  Knot  commenced. 

37.  Wall  Knot  completed. 

38.  Wall  Knot  Crown  commenced. 

39.  Wall  Knot  Crown  completed. 


"The  bowline  7  is  one  of  the  most  useful  knots;  it  irill  not  slip,  and  after  being  strained  ii 
easily  untied..  Commence  by  making  a  bight  in  the  rope,  then  put  the  end  through  the  bight 
and  under  the  standing  part  as  shown  in  Fig.  a,  then  paaa  the  end  i^ain  throu^  the  bight,  and 
haul  tight. 

"The  square  or  reef  knot  9  must  not  be  mistaken  for  the  'granny'  knot  that  slips  under  a 
strain.  Knots  8,  10  and  13  are  easily  untied  after  being  under  strain.  The  knot  13  is  useful 
when  the  rope  passes  through  an  eye  and  is  held  by  the  knot,  as  it  will  not  slip,  and  is  easily  untied 
after  being  strained. 

TABLE  in. 

Ckucible  Steel  Hoisting  Rope.    Weight,  Ultimate  Strength  and  Worxing  Loads  ot 

Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires  to  the  Strand. 


DhuKta, 
In. 

In. 

'SnU-.Lb. 

SBfcWorldngSCrea 

Minimiun  Si»  U  Dtuin  or     1 

of  4,  Lb. 
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39 
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.00 

■ss 

10,000 
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68,000 
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100,000 
124,000 
144,000 

2,500 
3.400 
4,400 

l;iS 

9,700 
13,000 
17,000 
21,000 

25,000 

31,000 

J6.000 

6 
7\ 
9 

14 
i8 

H 

JO 

i 

»7 

66 
69 

"The  timber-hitch,  19.  looks  as  though  it  would  give  way,  but  it  will  not;  the  greater  the 
strain  the  tighter  it  will  hold.  The  wall  knot  looks  complicated;  but  is  easily  made  by  pro- 
ceeding as  follows:  Form  a  bight  with  strand  a  and  pass  the  strand  b  around  the  end  of  it,  and 
the  strand  c  around  the  end  of  b,  and  then  through  the  bight  of  a,  as  shown  in  the  engraving  26. 
Haul  the  ends  taut,  when  the  appearance  is  as  shown  in  37.    The  end  of  the  strand  a  is  now  laid 
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Fig.  2.    Kkots  in  Manila  Ropb. 
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over  the  centre  of  the  knot,  strHnd  b  laid  over  a,  and  c  over  b,  when  the  end  of  c  is  passed  through 
the  bight  of  a,  aa  shown  in  38.     Haul  all  the  strands  taut,  as  shown  in  39." 
The  efficiency  of  a  knot  will  vary  from  45  to  75  per  cent. 


Plough  Steel  Hoisting  Rope.    Weight,  Ultiuatb  Strength  and  Working  Loads  or  Wise 
Rope  Couposed  of  6  Strands  and  a  Hehf  Center,  19  Wires  to  the  Strand. 


Dtomcter, 
la. 

<ftss:!5 

^Sf'L^ 

Str^TLC. 

^sH-r 

MiDlmum  Sin  of  Drum        1 
or  Show.                    1 

Datictaln. 

Rapid  MoiMlna, 

1 

0.30 
0.39 

o:l° 

0.89 

liss 

s.oo 
2,45 

j'ss 

11,500 
16,000 
10,000 
24,600 

31,000 
46,000 

76,000 
94,000 
116,000 

iJjiooo 

1,870 
4,000 

6,150 

7-7SO 
11,500 
14.S00 
19,000 

a3,Sa> 

41,000 

\i 
18 
20 

11 

18 

H 
27 
33 

It 

72 
Si 
84 

TABLE  V. 
Data  on  Woodkh  Blocks  for  Manila  Rope.    American  Bridge  Cohpant. 


Single  with  hook 

Double  with  hook 

Triple  with  hook 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle  . 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle. 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle. 

16"  snatch  block 

so"  snatch  block 


Wire  Rope. — Wire  hcasting  tope  ie  now  used  for  heavy  hdsting  and  in  all 
ticable.    Wire  rope  is  much  more  reliable,  gives  much  greater  service,  and  is  much 
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nomical  and  satisfactory  than  manila  rope.  Data  on  crucible  cast  steel  hoisti:^  rope  are  given 
in  Table  III;  and  data  on  plough  steel  hoisting  rope  are  given  in  Table  IV.  A  (actor  of  safety 
of  4  should  be  used  (or  working  loads  only  with  derricks  or  hoists  that  are  not  in  continuous 
action.  For  pile  driving  and  for  continuous  hoisting  a  factor  of  safety  of  6  should  be  u«ed  for 
workii^;  loads.  Wire  ropes  used  in  hoisting  are  commonly  {,  ]  and  j  in.  in  diameter.  The  smaller 
diameters  are  used  for  guy  lines.  For.  standing  guy  lines  a  cheaper  wire  rope  will  usually  be 
found  satisfactory.     Bending  stresses  in  wire  ropes  are  given  in  Fig.  7,  Chapter  X. 

HOISTING  TACKLB.^Blocka  for  both  manila  rope  aad  wire  rope  are  made  with  wooden 
shells  and  with  steel  shells.  Blocks  up  to  la  to  15  tons  capacity  are  commonly  provided  with 
hooks;  blocks  for  heavier  loads  are  provided  with  shackles.  Blocks  should  be  well  built  with 
adequate  bearings  and  carefully  worked  out  details.  The  common  types  of  blocks  are  shown  in 
F«.  3- 

Data  on  wooden  blocks  for  Manila  rope  as  used  by  the  American  Bridge  Company  are  shown 
in  Table  V. 

Data  on  steel  blocks  for  wire  rope  as  used  by  the  American  Bridge  Company  are  shown  in 
Table  VI. 

TABLE  VI. 
Data  on  Stesl  Blocks  fob  Wire  Rofb.    American  Bridge  Coufant. 


Type  of  Block. 

a-^. 

vs; 

"^f^r- 

,S.l. 

OuUlde 
Dlain«Ki-af 
Stwave.  In. 

"■!!"■ 

17 

I' 

s 

14 
10 

8 

260 
250 
390 

i.»6o 

BIceIiiC- — The  rigging  for  lifting  loads  with  wire  rope  are  given  in  Fig.  4,  and  for  manila 
rope  in  Fig.  5.  These  data  are  based  on  experiments  made  by  the  American  Bridge  Company, 
and  have  been  adopted  as  standard  by  the  American  Bridge  Company  and  the  McCIintic-Marshall 
Construction  Company, 

TABLE  VII. 
Ratios  of  Load  to  Pull  ik  Lead  Linb. 


Work. 

MuiibRope. 

Lift  pet  Unit  PuDin  LcBd  Line  for  Tackle  with  Pvti  u  foUow*. 

I 

2 

3 

4 

5 

6        7    1    8 

9    1  w 

II 

12 

•3 

14 

} 

1,900 

O.S6 

1.01 

S 

1.48 

4.» 

+■71 

■;.21 

.7. 

6.12 

6.  so 

6.8, 

7-1+ 

It 

7.64 

a,300 

1.91 

1-17 

3-4S 

4.^.1 

S.3.1 

1.H2 

j,ioo 

0.87 

1-93 

2.74 

3-SO 

477 

(.10 

7-10 

7.H5 

■I 

0.B1 

1.6B 

4.48 

?.bq 

5.44 

ij 

S.9<» 

0.81 

1. 91 

2.67 

3.36 

1.91 

4-41 

4-89 

^iH 

^.61 

';.9i 

0.1^ 

1.56 

4.71 

7.900 

0.81 

1. 91 

3.30 

4'11 

4.72 

^64 

(.8^ 

tit 

IO,JOO 

1. 91 

2.6, 

1.12 

3.87 

4-37 

4.78 

su 

•iA'i 

•i-jt 

^<H 

(,.n 

i.ll 

13,100 

1.90 

!,.oo 

S-S7 

5-5' 

S-7^ 

s-yu 

6,,7 

Wire  Rope.                                                              | 

i 

16,600 

0.S6 

1.93 

2.73   1   3-47   |+.ii|4.7o|s.»|s-68|6.o8|6,46[6.78|7.o8|7.34|7.S8| 

DiL;ilzo..,'Ct)t)^^lc 


ERECTION  OF  STRUCTURAL  STEEL. 


(c)  (d) 

Block  with  Shackle 


(a)  {» 

Block  with  Smy£L  Hook 

3T£EL  SHEAVE  BLOCKS  FOK  WIRE  ROPE 


(e)  Cf)  (3)  (h) 

WosseN  Sheave  Block  with  Becket     Snatch  Blocks  with  Hooks 


m 


Fall  Line  Ball    Weishtco  Sheave 
Block 

Fig.  3.    Blocks  for  Hoisting. 


CM  0) 

Stuap  Sheave  Blocks 
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y 

20 

li.OOO 

DotAla 
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r 

! 

50 

I3.i00 
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Trfpta 

r 

40 

15,000 
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r 

&adn^ 

i 

60 

19,000 

SS/Mwi^ 

y 

J«^  CrudUt  Cast  Steel /^ust- 
//y  /".^o*  -■  S  Strand,  /9  /f/res  to  a 
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Tfmse  ya/uas  are  on/y  for  tacAle 
as  shown  ■  IF  tija  lead  line  A  snatch 
ad  or  passes  oyer  addittonal shears, 
capacity  diminishes- 


LiFTiNS  Capacity  of  Tackle 

STEEL  SHEU  BLQCfCS 
WITH  WIRE  ROPE 
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un 
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20 
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1 

22 
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1 

SI 

24 
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26 
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Sing/a  mt/t  fioak,  6  Tom' 
Deui/a  nfitJtHook,  /O  Tons- 
Tfiph  mVi  Hook.  i2  Tons- 
Qvadri^ple  irlth  Shaekh,  /4  Toaa. 
AppraxiaaCa  puff  ott  Mad  Una,  3  Taaa- 
20'B/ocks  For  Z' Rop». 
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Doubla  with  ShackM,  22  Toaa- 
Triph  mV>  Shackia,  30  Toirs- 
^uaA^ip/a  nrith  Shackia,  SB  Tons- 
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LIFTIN6  Capacity  of  Tackle 

WOOmi  SffEU  BLOCKS  WITH  MANILA  ROPE' 
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Bffldency  of  Tukle. — The  efficiency  of  rigging  as  calculated  from  teats  made  by  the  Ameri- 
can Bridge  Company  is  given  in  Table  VII.  The  tables  may  be  used  in  calculating  the  loads 
that  can  be  lifted  by  tackle  as  follows:— 

Given  pull  in  lead  line,  to  find  load  lifted — Divide  the  pull  by  I.SO  each  time  line  is  snatched 
or  passes  over  sheaves  other  than  those  in  tackle  blocks;  multiply  quotient  by  ratio  of  load  to 
lead  line  pull,  Table  VII,  and  the  result  is  tbe  load  lifted.  For  example,  lead  line  pullof  engine 
■=  10,000  lb.;  rigging  as  follows: — s  snatch  blocks,  a  sheavea,  and  7  parts  of  1}  in.  line  in  main 

falls.     Then  Load  lifted  -^      ■'■■      X  4.89  -  33,600  lb.    If  load  to  be  lifted  is  g^ven,  to  find 


TABLE  VIII. 
Data  on  Chains,    Aueucan  Bridge  Company. 


Sixe 

X 

Ouuidt 

OatMt 

PrnofTM 

UlUmate 

V/erUat 

"•V 

»l 

, 

15,000 

3,800 

t^ 

3, 

11,000 

23,000 

7,600 

IS 

17,000 

11,000 

8.37 

3. 

ai,ooo 

43.000 

Its 

10,700 

10.50 

1 

29,000 

56,000 

14,000 

3 

37,000 

71,000 

13,600 

17,700 

4 

46,000 

S8,ooo 

22,000 

i9-i$ 

4 

S:S 

3S.300 

26,500 

13-00 

7 

5 

126,000 

42,000 

31,500 

7i 

S 

74,000 

141.000 

47,000 

3S.200 

'" '='— -i^^'i 

^  Hook  "3  ^  Hook  Cfiem  ^„^^ 

«- — -  z'  — ^ 

Tota/ IVaigltiofCfiam  -L'{S^i))*^4-4 
^  Hook  'i       '  '  ''"''' Jft^"'"''  ""'"  l-'rl 

^^i, Jf^.:f.. J^=^ 

Tctt/  mijht  oF  aim  -  L'Ce-^o]  tus-s         ""''  *^ 

l/sua/  Length  of  L'  is  8  Fee^- 

Fig.  6.    Chains. 
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Si'    /i'fi,  II' 
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li-'  ^         ''-If'f 
j'RiVET  SET  (Snap) 

M ^  rf  fit        flf    ^ ^    ?,„« 

5/tew  /fti/i  Pin  Maul  D/uft  Pm 

Fig.  7.    Tools  for  Strbl  Erection.    American  Bridge  Cokfant. 
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V^ 
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^;h -.- -H 


Fig.  8.    Tools  for  Steel  Ersction.    American  Bridge  Coufany. 
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STBAieHT  Dolly 
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Fig.  9.    Tools  for  Stuel  Erection,     American  Bridge  Coupakt. 
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Rm  Dolly        ,.    ^-,-v- 1       --,-"3     ^  *''"'''-< 
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°=>l >£-i         r    *       t...  ^ 

'  ',  J'        ^(U : --  ^ " H 
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:    Vj 


21  '  ■-^- 
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Fig.  10.    Tools  for  SrasL  Ekbction.    American  Bridge  Comfamt. 
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BLACKSMITH'S    TOOLS 
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Tools  for  Steel  Ebgction.    Ambkican  Bridge  Cohpany. 
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Heavy  I  Beam  HOOK  Li6ht  !  Beam  Hoofc  ^* 

Fio.  13.    Tools  for  Steel  Erection.    Ambmcan  Bridce  Company. 
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/^V-4t 


-^^ ■*..*.    j^  or  hickory. 


£ya  beft  to  turn  in  hsndle-, 

§' Octagonal  5teel''''i[j'^fi' Hole  in  hesi/       [I 
6^'-—''  oF If  tfiam'%~ 

CAKPYim   HOOK  , 

5WZZ  Timber  HOOK 

*  I         )l  PUkTCA- 


/ATOf  TlMKR  HOOK 


!¥■  uJ'- 


AslicHlcliory      '»•••  g; 


D 


HOOK  B- 
2'0' 


3? 


STEU  WED6C 

For  [hsltlt  Nut  Falsemrk 
V      3'  3'       i'    S,lts,L-Srip-H'    i'      ■>- 


' Jjwrw  /Vit5  -'         Sttwomd  Faiseiwm  Bolts         S^mtHad&Nist 
Fig.  13.    Tools  for  Stbel  Eksction.    American  Budge  Company. 
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S'6'_ 


St/wemd  6Ati6E  Push  Car-  ^,^' 


>fij/A^^    *  RollerBoxB 

Vmbsr  Susey  &  Details 
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Rail  Jack  Details 

Hole  For  Handle  6) 


f-'i^-V^.^-*-. 


HantfMS'  5TAMDMD  D0UBl£  RmlJACK  ffane/UG' 

FtG.  14.    Tools  for  Steel  Erbction.    Auericah  Bridge  Company. 
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Cbat.S 


Chaliu, — Chains  ahould  be  made  of  the  best  grade  of  double  refined  iron,  and  should 
fabricated  with  great  care.  Details  of  a  ]-in.  ring  chain;  a  {-in.  hooL  chain,  and  d  a  {-in.  It 
book  chain,  as  made  for  the  American  Bridge  Company,  are  given  in  Fig.  6,  and  data  on  dw 
are  given  in  Table  VIU. 

Jadn. — Hydraulic  and  power  lifting  jacki  of  the  neceaaaiy  capacity  ehould  be  provided, 

IdiflcaUaneotis  totAm. — In  addition  to  the  standard  tools  required  by  bridge  carpenten  i 

by  the  blacLsmiths  many  special  tools  are  required  by  structural  steel  erectors.    The  xooA  i 

portant  special  tools  required  in  steel  erection  as  used  by  the  American  Bridge  Company  i 


SMAe  FOU  CMflUSATEP  Sri£l  STEAMBOAT  RATCHET 

Fig,  15.    MiscBi^ANKous  Tools  for  Stbel  Erbction. 

given  inF^.  7  to  Fig.  14.  An  improved  "old  man"  as  used  by  Terry  and  Tench  is  shown  in  H 
15.  A  corrugated  rollir^  shear,  and  a  steamboat  jack  and  a  steamboat  ratchet  are  also  shot 
in  Fig.  15.  The  special  tools  used  by  the  Chicago  Bridge  and  Iron  Company  for  the  erectioii' 
elevated  tanks  are  given  in  Fig.  16  and  Fig.  l^, 

UST  OP  TOOLS.— The  tools  required  for  any  job  will  depend  upon  the  size  of  tbe  «C 
riie  number  of  men  employed,  and  upon  local  conditions.  A  complete  list  of  the  toots  that » 
commonly  used  by  structural  steel  erectors  ta  given  in  Table  IX. 

Actual  lists  of  the  tools  used  for  the  erection  of  a  steel  railway  bridge,  a  steel  highway  bridi 
and  a  steel  mill  building  are  given  in  Tabte  X,  Table  XI,  and  Table  XII,  respectively. 
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^G.  i6.    Tools  fob  Ebbchon  of  Elevated  Tanks.    Chicago  Bbidge  St  Ikon  Coupamy. 
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n 
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.    .  - -ff--./jr 

1^  Fori  Rivet,  1^  for  ^-     ^^^^  I    i -^""'v 

l-l'firflf/mtA'fer-i'-      7;^.!,  i j,-i 

T^'fi;  :lt'r«-yRM,  li'/irf-  }{_ 
— <Bf j'Vj  ' fa- i' Rivet,  /i'feri' 


cims  Eyed  FuLLsif 

^\-^'/irf Rivet,  i"/iri\  Wti  Ibi- 

^-•jfory Rivet,  ^"fer-^' 
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Fig.  17.    Tools  for  Ekbction  of  Elevated  Tanks.    Chicago  Budge  &  Iron  Cohfai 
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Name. 

Name. 

Adzes. 

Corrugated  Iron  Rivet  Scu. 

Air  Chippera. 

"     Shears. 

Air  ComprcMori 

Crahs,  Singie  Gear  Iron  Frame  A— Flat. 

Air  Dtilb. 

Crahs,  Double  Gear  Iron  Frame  A— Flat. 

Air  Pumpi. 

Crabs,  Single  Gear  Wooden  Frame  A—Flat. 

Air  Reamcra. 

Crabs,  Double  Gear  Wooden  Frame  A— Flat. 

Air  Receiver*. 

Cutters,  Handle. 

Derricks. 

Angle  B»n  for  R.  R.  RaU^ 

AnviU, 

"        Booms  (Steel). 

Auger  Bits. 

Booms  (Wood). 

Auger,  (.hip)  H  in.  to  lA  in. 

"       Boom  Bands,  1  Links. 

Aacs. 

•'      Foot  Blocks. 

Axe»  (Hind). 

"      k  Mast  Angles. 

Backing  Out  Punches 

"           "      Bearing  Plates. 

Balance  Beams. 

"      Pins. 

Bart,  Chisel. 

'■      Plates. 

Bars,  Qaw. 

"       Foot  Blocks. 

Ban,  Connecting. 

Goose  Necks. 

Ban,  Crow. 

"       Gudgeon  Hna. 

Bars,  Pinch. 

"       Masts  (Steel). 

Bellows. 

"       Masu  (Wood). 

Biu  for  Braces. 

"       Mast  Band. 

Blacksmith  Blowers. 

"       Mast  Band,  one  link. 

Blacksmith  Hand  Tools. 

"      Mast  Seat. 

'    Blocks  (8,  10,  II,  14,  16,  18)  in.  Single. 

"  .     Round  Spiders. 

Blocks  (8,  10,  12,  14,  16,  18)  in.  Double. 

Long  Spiders,  Two  Guy*. 

Blocks  (14,  16,  iB,  zo)  in.,  3  Sheave. 

"          "           "       One  Guy. 

Block,,  4  Sheave. 

Diamond  Points. 

Blocks  (8,  10,  la,  14,  16,  18.  10)  in.  (Snatd.) 

Gate. 
Block,  (I,  1.  J,  4,  6)  Sheave,  Wire  Rope. 
Boats  (give  tin^. 
Boiler»lonly). 

Dolly  Bars,  Bent. 
"      aub. 
"     Goose  Necks. 

;•     Heel. 

"      Strai&. 

Braces  (Carpenter). 

Drawing  Knife. 

Branding  Irooa. 

Drilling  Machine  (PorUble). 

Brushes  (Paint). 

Brushes  (Wire). 

Drills,  Flat, 

Buckets. 

Drills  (Stone). 

CarAilea. 

Drills  (Twist). 

Cars,  Camp. 

Engine  and  Boiler. 

Cars,  Dernck. 

Eye  Bolts. 

Can.  Flat. 

FDes. 

Cars,  Lever. 

Forges  {not  rivet). 

Cars,  Push. 

Gauges  (Track). 

Cars,  Tool. 

Gin  poles  (Wood)  Gaa  Pipe,  Shoes. 

Car  Wheels. 

Grind  Stone. 

Center  Punches. 

■  GuyOampi. 

Chains.  (1, 1,  J,  i)  in.  Hook  &  Ring,  —  ft.  long. 
Chains,  I  in.  Hoot  &  Ring,  —  ft.  long. 

Guy  Rods. 

Guy  Wire. 

Chains,  J,  |,  J,  1  in.,  two  rings,  —  ft.  long. 

Hammers  (Chipping). 

Chisels,  Cope. 

Hand  Gouges. 

Chisels,  Framing. 

Handle  Gouges. 

Clevises. 

Cold  ChiseU. 

Hatchets. 

Currugated  Iron  Cutten. 

Hook  for  I  Beams— Large,  Medium,  Small. 

Corrugated  Iron  Dolly  Ban. 

Hooks,  Cant. 

"    Hammers. 

Hooks  for  Eye-Bars. 

"     Punches. 

Hooks.  Girder. 
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Name. 

Name. 

Hoob  for  Heavy  Chord. 

Reamers-H.  ti,  H.  lA  in. 

Hook*  for  balding  on. 

Reamer  Handle*. 

Hook.,  Scaffold. 

Rivet  Buster*. 

"        Stringer. 

Damps. 

"       Timber. 

CUmp  Hooks. 

Horw  Powen. 

Forge*. 

Hoiw,  Air  DriU. 

Gouges. 

"      Rubber. 

Hammeti. 

"     Steam. 
i;     B.nda. 

! 

Sets  fo.-*,  1 1,  t  I.  in.  Rivet.  (Hand). 
Seu  foi-4. 1,  i.  i,  I.  in.  Riveu  (Pneu- 

Jacks,  Hydr.— Capacity. 

matic). 

Set  Cuppers. 

"     Norton. 

Set  Gouges,  Standard. 

"      Rail.  Double, 

Set  Rivet  Tongs. 

"      RaU,  Single. 

Set  Trimmers. 

"      Steamboat. 

Spikes. 

"      Steamboat  PuU. 

RoUers. 

"      Steamboat  Puabing. 

Roofing  Sets. 

Rope,  Manila—},  I,  it,  i},  1  in. 

"      Screw. 

"      Track. 

Rope  Lashing,  Manila. 
Rope  Slings,  Manila. 

Kettles,  Iron. 

Ladlei. 

Rope,  Wire  Hoisting. 

Lag  Screwa. 

Saws,  Crosscut, 

Ladders. 

Saws,  Hand. 

Saw  Frames,  Hack. 

Levels  (Spirit). 

Saws,  One  Man. 

Locks. 

Saw  SeU  (Crosscut). 

Marking  Pot. 
Mattocks. 

Screw  Drivers. 

Shackles. 

Maul.,  Spike. 

Sheaves,— in.  dia. 

Mauls,  Steel  (S,  9,  la,  16,  18,  20)  lb. 

Shovels. 

Nsils. 

Square*  (Carpenter). 

Oar*. 

Stock  and  Dies. 

Oar  Locks. 

Stoves. 

Oil  Cans. 

Sulphur  Pot. 

Old  Man. 

Tape  Lines. 

Picks. 

Tarpaulins. 

Pike  Poles. 

Timber  Buggies. 

Pile  Hammers. 

Tool  Boxes. 

"    Driver  Leadt. 

"     Steel,  Octagon. 

"    Rings. 

"     Steel,  Round. 

"    RingHoota. 

"     Steel,  Square. 

Pins,  Cotter. 

Traveler  Corner  Irons. 

Pipe  Cutters. 

"        Plates. 

Pipe,  Irt.n. 

'•        Rods. 

Pipe  Tongs. 

Plknes. 

Traveler  WheeU. 

Plumb  Bobs. 

"        Wheel  Bo«». 

Pneumatic  Bucker-up. 

Traveler*  (Wood). 

Pneumatic  Hammer. 

Travelers  (Steel). 

Pump,  Boat,  Gfllvaniwd  Iron. 

Tumbuckle  Rod*. 

Pump,  Centrifugal. 

Tuyere  Irons. 

•'       Force. 

Valves. 

"      Steam. 

Vises. 

Punch,  Hydraulic. 

Wagons. 

Punch,  Screw. 

Wrenches,  Chain. 

Purchase  Rings. 

Wrenches.  Fork-i.l,  A,  f,  in. 
Wrenches,  Key— large,  medium,  amalL 

Rails  (Steel). 

Rail  Splice  Plates. 

Wrenches.  Monkey. 

Rail  Buggies. 

Wrenches,  S. 

Rams. 

Wrenches.  Stilkon. 

Ratchets. 

WedKS.                          /-- ,1  , 
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TABLE  X. 

i?r  OF  Tools  fob  Ekbction  of  Steel  Railroad  Bridge  Consisting  of  Several  75-FT.  Plate 

GiBDBRs.  A  iSo-FT.  Tbrougb  Span,  and  an  8o-ft.  Vertical  Lift  Sfan,  Inter- 

kational  Falls,  Minnesota.    Minneapous  Steel  &  Machinery  Co. 


tnanUty 

Nunc  and  Size  of  Tool. 

Quantitj- 

Name  and  Slie  of  Tool. 

Augen,  Ship.  H  'n. 

Forgea,  Complete. 

Adz. 

Files. 

Axe,  Hand. 

Gouges,  Hand. 

Anvils. 

Gouge),  Handle. 

Bars,  Crow. 

Hack  Saws  and  Blades. 

Bars,  Otw. 

Hammer.  7  lb. 

Biu,  t  in. 

Hammer,  Claw. 

Boi,  Tool. 

Hammer*,  Blacksmith.  5  lb. 

Braces. 

16 

Handles.                          " 

Bnj»h«,  Wire. 

Hooks,  Scaffold. 

Brushes,  Paint. 

Hoie,  Air,  1  in..  700  ft. 

Block,  Steel,  Smtch,  10  in. 

Hose.  Water,  i  in.  X  Jo  ft. 

Blocii,  Steel,  Snatch,  12  in. 

Jack,  Screw,  2i  in.  X  16  in. 

Block,  Steel,  Snatch,  Wire  Rope,  izin. 

Jack.  Track. 

Block,  Steel,  Single,  Wire  Rope,  11  in. 

Jack,  Stone. 

Block,  Steel,  Single,  Wire  Rope,  14  in. 

Jack.Hydraulic,  IS  ton. 

Block,  Steei,  4  Part,  Wire  Rope,  16  in. 
Block,  Steel,  6ouble,  Wire  Rope,  18  in. 

Lanterns. 

Level. 

Block,  Steel.  Double,  Wire  Rope,  12  in. 

Man,  Old. 

I 

Bbck,  Steel,  Triple,  Wire  Rope,  n  in. 

Punches,  Backing  Out. 
Punches,  Screw  (Fnme). 

Bkxk,  Wood,  Snatch.  10  in. 

Block.Wood,  Snatch,  11  in. 

Pipe  Vise. 

Block,  Wood,  Single,  Tackle,  8  in. 

PiS. 

Block,  Wood,  Single,  Tackle,  10  in. 

Drift  Pins,     in. 

Block,  Wood,  Single,  Tackle,  12  in. 

Drift  Pins,     in. 

Block,  Wood.  Double,  Tackle,  8  in. 

Drift  Rn.,     in. 

Block,  Wood,  Double,  Tackle,  10  in. 

Pail,  Water. 

Block,  Wood.  Double,  Tackle,  12  in. 

Ratchet*. 

Block,  Wood.  Triple.  Tackle,  U  in. 

Receiver,  Air,  jo  in.  X  60  in. 

Block,  Wood,  Tnple,  Tackle,  14  in. 

1,400  ft. 

Rope,  Manila,  1  in.,  7  pieces. 

Block,  aain,  s  Ton. 

1,300  ft. 

Rope,  Manila,  li  in.,  5  pieces. 

I, MO    ft. 

Cable,  Wire,     in. 

4Z0  ft. 

Rope,  Manila,  a  in.,  1  piece. 

300   ft. 

Cable,  Wire,     in. 

640  ft. 

Rope,  Manila,  2  in.,  I  piece. 

too  ft. 

able.  Wire.     in.,  galvanized. 

^75  ft. 

Rope,  Manila,  i  in.,  I  piece. 

Chains.  1  in.,  13  ft.  long. 

565  ft. 

Rope.  Manila,  I  in.,  2  pieces. 

Chaini,  1  in.,  14  ft.  long. 

Rope,  Manila,  Lashings, 

Chains,  I  in.,  12  ft.  long. 

Stock  and  Dies,  Blacksmith. 

Chains,  J  in,  11  ft.  long. 

Stock  and  Dies.  Pipe. 

Qampi,  Cable,     in. 

Snaps,  Rivet,     in. 

Oamps,  Cable,     in. 

Snaps,  Rivet,     in. 

Clamps,  Cable,     in. 

Snaps,  Rivet,     in. 

Qamps,  Rivet. 
Chisels,  Round  Noie. 

Saws,  Cross  Cot. 

Saws,  Hand. 

Chi.el^  Cold. 

Shovels,  No.  3. 

Cutteis. 

Shovels,  Snow. 

Cant  Hook*. 

Square. 

Shackles 

Derrick,  12  ton. 

Trucks,  Dolly. 

Dolly,  Timber. 

Tongs,  Blacksmith. 

Dolly,  Goose  Neck. 

Tongs,  Heater 

Dolly,  Straight. 

Wrenches,  Bndge  f  in. 

Dolly.  Spring. 

Wrenches,  Bridge  J  in. 

Dolly,  Wedge. 

Wrenches,  Monkey 

Dolly,  Heel. 
Dnik.  Twist.  «  in. 

Heavy  Traveler,  11  ton  . 

5 

Rollers,  10  m,  and  I2  in. 

6 

Dnlls,  TwHt,    }  in. 

Pneumatic  riveting  guns. 

6 

Drills,  Twist,  +i  in. 

28  in  Tumbuculei. 

I 

Drills,  il  m.  X  4  ft. 
EngtDC,  Hoisting. 

Stoves. 

27 

i  in.  X  e  in.  Step  bolts. 
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TABLE  XL 

List  OF  Tools  fok  the  Ekection  of  8o-irr.  Sfan  Highway  Bridge. 

Minneapolis  Stebl  &  Machinery  Co. 

•fc- 

Nunc  udSlH  of  Tool. 

X^- 

Name  ai>dSlwo(  Tool. 

2 

Aiei. 

Man,  Old. 

Axes,  H>nd. 

Punches,  Backing  out. 

Bits,  I  in.,  ]  in.,  }  in. 

Pick. 

Buater. 

Boi,  Tool. 

p"nT,^brift,  I  in. 

Brace. 

Pins,  Drift,  f  in. 

Brush,  Paint. 

Paii;,  Watw! 

Blocks,  lo  in. 

Pile  Driver  Leads. 

Block,  Single  Tackle,  S  in. 

Pile  Driver  Hammer. 

Block,  Single  Tackle,  lo  in. 

Pile  Driver  Head  Block. 

Block.,  Double  Tackle,  8  in. 

Pile  Driver  Nipper. 

Chain,  i  in.,  8  ft.  long. 

Ratchet. 

Chain,  }  in.,  7  ft.  long. 

124  ft. 

Rope,  Manila,  i}  in. 

Clamp,  Rivet. 
Chisel,  Hand. 

67s  ft. 

Rope,  Manila,  I  in.,  5  pieces. 

Lashings,  ij  ft. 

Stock  and  Dies,  Blacksmith. 

Dolly,  Timber. 

Drills,  Twist,  H  in- 

Saw,  Crosscut. 

Files. 

Saw,  Hand. 

Gouges,  Handle. 
Hacksaw  and  BUdcs. 

Shovels,  Short  Handle 

Shovels,  Long  Handle. 

Hammers,  7  lb. 

Square. 

Wrench,  Bridge,  i  in. 

Hammers,  Claw. 

Hammer,  Machine. 

Wrench,  Bridge,  fin. 

Handles,  30  in. 

Wrench,  Bridge,  J  in. 

Jack  Screw,  lain. 

Wrench,  Stillson,  10  in. 

Wrench,  Monkey,  11  in. 

Wheel  Barrows. 

ERECTION  OP  TRUSS  BHIDGBS.— Truss  bridge  spans  are  usually  erected  on  falsework. 
The  truss  may  be  erected  by  means  of  a.  traveler  or  a  derrick  traveler  or  a  derrick  car.  The  usual 
procedure  where  a  traveler  is  used  will  be  briefly  described.  After  the  falsework  and  traveler  arc 
ready,  lay  out  the  center  lines  of  the  trusses  on  the  falsework  and  locate  the  positions  of  the  panel 
points.  At  each  panel  point  place  the  necessary  blocking  for  camber.  Then  beginning  at  tbs 
fixed  end  place  the  pedestals  in  poation  and  place  the  lower  chords  and  the  floorbeams  and  stringers 
in  position  and  distribute  the  pins.  It  the  floorbeams  and  stringctB  will  be  in  the  way  they  are 
not  placed  until  they  are  needed.  The  traveler  is  run  to  the  center  of  the  bridge  and  the  cenlet 
panel  on  each  ade  is  erected.  The  upper  chord  section  is  hoisted  and  held  a  little  above  its  final 
position;  the  posts  are  raised,  the  diagonals  are  put  in  place  and  the  pins  are  driven,  or  with  a 
riveted  truss  the  joints  are  field  bolted  in  about  50  per  cent  of  the  holes.  The  panel  on  the  oppo- 
dte  side  is  then  erected  and  the  top  lateral  struts  and  bracing  arc  put  in  place,  the  floorbeams  and 
stringers  are  connected  up  and  the  lower  laterals  are  put  in  place,  so  that  the  center  tower  is  full)' 
braced.  Great  care  must  be  used  in  erecting  the  middle  tower  to  see  tiiat  it  is  in  exactly  tbt 
proper  place.  After  the  center  panel  is  complete  the  traveler  is  moved  toward  the  fixed  end, 
erecting  the  trusses  one  panel  at  a  time.  The  traveler  is  then  run  back  to  the  center  and  the 
roller  end  of  the  trusses  arc  erected.  After  the  span  is  ail  connected  up  and  all  connections  aff 
prop>erly  bolted  up,  the  blocking  is  knocked  out  and  the  bridge  is  swung  clear.  The  details  of 
erection  vary  with  the  type  of  truss  and  local  conditions  and  the  above  description  is  intended  to 
merely  give  an  idea  of  the  procedure.  Truss  bridges  may  also  be  erected  by  starting  the 
traveler  at  the  fixed  end. 

Where  a  derrick  car  or  a  derrick  traveler  is  used  the  erection  is  commonly  started  at  the 
fixed  end. 
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List  ob  Ekbction  Tools  for  thb  Erection  of  a  Steel  Mill  Building  6o  ft.  by  150  ft.  wna 

Corrugated  Steel  Covering;  43  Tows  Steel,  7  Tons  Corrugated  Stekl. 

MiNNEAFCH,is  Steel  &  Machinery  Co. 


QuanUty. 

Nauw  uid  Sk  of  Tod. 

Quantity. 

Name  and  Si«  of  Tool. 

, 

Aie,  Hand. 

, 

Forge.  Complete. 

Bars,  Crow. 

Gin  Pole. 

Ban,  Coaoecting. 

4 

Gougci.  Handle- 

Boi,  Tool. 

Hack  Saw  and  Bladei. 

Brace>. 

Hammer,  Claw. 

Bruihes,  Paint. 

Hammer,  Machine. 

Blo^,  iieeU  Single.  Wire  Rop«, 

6 

Handle..  30  in- 

Man,  Old. 

Block,  Steel,  Double,  Wire  Rope, 

6 

Punchea,  Corrugated. 

Block,  W'ood  Snatch,  10  in. 

Pina,  Drift,  i  in. 

Block,  Wood,  Single  Tackle,  8  in. 

Pin.,  Drift,  \  b. 

8 

Block.  Wood.  Double  Tackle,  8  in. 

Ratchet. 

700  fl. 

Cable,     in.,  3  pieces. 

1,100  h. 

Rope,  Manila,  )  in.,  8  piece*. 
Rope,  Manila,  La.hingi. 

Chain,     in.,  3  ft.  long. 

4 

Chain,     in.,  S  ft.  long. 

Stock  and  Diea,  Blacksmith. 

Chain,     in.,  9  ft.  long. 

3 

Snaps,  Rivet,  |  in. 

13 

Qamps,  Cable,  i  in. 

Saw,  Hand. 

7 

Clampa,  Cable,  |  in. 

Square. 

Clainpa,  Rivet. 
ChiseU. 

4 

Shackle.. 

6 

Snips,  Corrugated. 

3 

Cutten. 

Tongs,  Black,  nith. 

Crab,  Small. 

Tongs,  Heater. 

Dolly,  Timber. 

Tongs,  Pick-up. 

DoUy,  Goo.e  Neck,  f  in. 

Vise,  Machinist. 

Dolly,  Straight,  j  in. 
Dolly,  Spring,  |  in. 

IS 

Wrenche.,  Bridge,  i  in. 

20 

Wrenches,  Bridge,  1  in. 

3 

Dolly,  Corrugated  Steel. 
Dolly,  Jam,  f  in. 
Drill.,  Twiat,  H  in. 

8 

Wrenchea.  Bridge,  |  in. 

Wrenches,  Bridge,  f  in. 

Wrenches,  Monkey. 

• 

* 

In  erecting  the  Municipal  Bridge  over  the  Mississippi  River  at  St.  Louis,  sand  boxes  were 
used  for  camber  blocking  in  the  place  of  the  usual  timber  camber  blocking. 

The  threads  of  pins  should  be  protected  by  pilot  nuts  and  pilot  points  when  driving.  Details 
of  standard  pilot  nuts  are  given  in  Table  99,  Part  H,  and  of  standard  pilotpoints  in  Table  100, 
Pan  n. 

RIVBTING. — Field  rivets  may  be  driven  by  hand  or  with  pneumatic  rivetets.  Before 
driving  the  rivets  the  parts  to  be  riveted  must  be  drawn  up  by  means  of  erection  bolts  so  that  the 
holes  are  fully  matched  and  the  surfaces  of  the  metal  are  so  close  together  that  the  metal  from  the 
rivet  will  not  flow  out  between  the  plates.  The  holes  are  brought  in  line  and  matched  by  the  use 
of  drift  pins,  Fig.  7  and  Fig.  17;  care  should  be  used  not  to  injure  the  metal  with  the  drift  pin. 
If  the  holes  will  not  match  they  should  be  reamed.  A  gang  for  hand  riveting  consists  of  four 
men,  (l)  a  rivet  heater,  (3)  a  bucker-up.  {3)  a  rivet  driver,  and  (4)  a  man  to  catch  and  enter  the 
rivets,  to  assist  in  driving  and  to  hold  the  rivet  set  (snap).  The  hot  rivet  is  thrown  by  the  rivet 
heater  with  rivet-pitching  tongs.  Fig.  11;  the  rivet  is  caught  in  a  bucket  or  keg  and  is  put  into  the 
rivet  hole  with  the  rivet-sticking  tongs,  Fig.  11,  The  rivet  is  then  bucked-up  with  a  dolly.  Fig.  9 
or  F^.  10,  and  is  upset  with  a  rivet  hammer.  Fig.  7.  After  the  rivet  is  upset  to  till  the  hole  a  rivet 
set  (snap).  Fig.  7,  is  held  over  the  upset  rivet  and  a  few  blows  with  the  riveting  hammer  completes 
the  work.  Field  rivets  are  ordered  with  enough  stock  to  furnish  metal  to  fill  the  hole  and  to 
form  a  perfect  rivet  headd    It  the  rivet  is  too  short,  either  the  hole  will  not  be  filled  or  the  rivet 
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head  will  be  imperfect.     If  the  rivet  is  too  long  the  rivet  Bet  (inap)  will  force  the  metal  out  n: 
the  edge  of  the  rivet  set  (snap)  making  a  bad  looking  job.     The  rivet  should  be  heated  uoifociL): 
so  that  it  will  be  upaet  for  its  entire  length.     Riveters  prefer  to  use  rivets  with  scant  stock  k 
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Fig.  i8.     Derricks  and  Travelers. 

the  rivet  can  be  upset  and  a  perfect  head  formed  »-ith  little  labor.  To  drive  a  rivet  properlj-  0* 
rivet  should  be  upset  by  striking  it  squarely  on  the  end,  as  side  blows  will  upset  the  rivet  witboui 
filling  tiie  hole.  • 
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Where  compressed  air  is  available  a  pneumatic  field  riveter  U  used  for  driving  rivets.  Pneu- 
latic  6e1d  riveters  are  of  two  types:  (a)  jaw  riveters  tha.t  buck-up  the  rivet  and  form  the  head  as 
1  shop  riveters;  and  {b)  a  pneumatic  gun  that  ia  held  against  the  rivet  by  the  riveter,  the  rivet 
:iag  bucked'Up  with  a  dolly  as  in  hand  riveting  or  with  a  pneumatic  dolly.     The  pneumatic  gun 
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Fig.  19.     Details  of  Derricks. 

is  commonly  used.  A  rivet  snap  is  used  in  the  air  gun.  Good  rivets  can 
be  driven  by  hand,  but  the  work  of  the  pneumatic  riveter  is  more  uniform  and  most  specifications 
for  erection  of  structural  steel  call  for  its  use.  Several  railroad  bridge  specifications  now 
require  that  hand  driven  field  rivets  be  calculated  for  only  four-fifths  of  the  allowable  stresses  on 
machine  driven  field  rivets.  While  more  rivets  can  be  driven  with  an  air  gun  than  by  hand,  the 
added  expense  for  air  makes  the  cost  of  driving  nearly  the  same  as  for  hand  driven  rivets. 

r,.r.,==»C.()()glC 
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Dollys  for  bucldng-up  rivets  are  made  in  many  forms  to  suit  the  different  condition 
Straight,  goo«e-neck,  bent,  heel  and  dub  doUya  are  shown  in  Fig.  9,  a  ring  dolly  is  shown  in  Fi^ 
10,  and  a  corrugated  iron  dolly  in  Fig.  11.  Dollys  for  use  in  erecting  elevated  tanks  are  sbon 
in  Fig.  16,  and  include  the  bar  dolly,  the  heel  dolly,  the  combination  dolly,  and  the  spring  doik, 

DESmCES  AND  TRAVBI£RS. — Demcks  and  travelers  are  made  in  many  different  form. 
A  few  of  the  more  common  forms  will  be  described. 
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Fig.  20.     Details  of  a  Viaduct  Tbaveleb  and  a  Steel  Deuuck  Cak.  ' 

Gin  Pole. — A  gin  pole.  Fig.  18,  iu  a  timber  or  steel  mast  with  four  guys  and  a  block  al  tJie 
top  through  which  the  hoist  line  leads  to  a  crab  bolted  near  the  bottom,  or  the  hoist  line  loiy 
run  to  the  hoisting  engine.  The  foot  of  a  gin  pole  is  supported  by  timbers  which  are  shifted  "iili 
bars  or  on  rollers.  The  gin  pole  should  not  be  inclined  more  than  a  few  degrees  from  the  vertioL 
and  care  must  be  used  to  prevent  the  bottom  from  kicking  out  with  heavy  loads.  Gin  pol» 
may  be  made  of  timber,  gas  pipe,  or  may  be  built  structural  steel  masts.  Gin  poles  are  i<f- 
commonly  made  longer  than  40  to  60  ft.,  but  a  trussed  gin  pole  I30  ft.  long  has  been  used  Ic 
erecting  elevated  towers.  The  mast  of  a  gin  pole  may  be  built  up  so  that  only  two  guys  an  1 
necessary,  resulting  in  "  shear  legs  "  as  in  Fig.  18. 

Each  guy  is  fastened  at  its  lower  end  to  a  "deadman"  (a  timber,  or  log,  oc  beam  buried  in, 
the  ground).  ! 
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DETAILS  OF  A  STIFF-LEG  DERRICK. 
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Fig.  31.     Details  op  a  Stiff-Leg  Derrick. 
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Ooj  Derricks. — A  guy  derrick.  Fig.  l8  and  Fig.  19,  haa  a  vertical  mast  guyed  with  tkmn 
more  guy  lines,  and  has  a  boom  which  carries  blocks  and  a  fall  line  on  the  upper  end.  The  bai' 
is  raised  and  lowered  with  rigging  called  "topping  lines"  or  "boom  lines."  The  knd  is  ivsi 
by  rigging  called  "fall  lines"  or  "falls."  The  hoisting  line  may  be  run  down  the  boom  toaou 
or  to  the  hoisting  engine,  or  the  hoisting  line  may  be  run  through  a  "  rooster"  placed  on  top  oi  lit 
mast  and  then  to  the  hoisting  engine.  Guy  derricks  may  be  swung  in  a  full  circle,  either  by  haai 
or  by  means  of  a  bull  wheel  operated  by  a  line  from  the  hoisting  engine.  I 

"A"  Derrick.— The  "A"  derrick  or  "Jinniwink"  derrick  is  shown  in  Fig.  18.  "A"  derricb| 
are  used  for  l^ht  hoisting  up  to  three  to  five  tons.  The  "A"  derrick  is  a  simple  form  of  t)ie  stiS-| 
leg  derrick. 

Stifi-Leg  Derrick. — The  stiff-leg  derrick  has  a  mast  braced  by  "A"  frames  set  at  right  ai^ 
to  each  other,  Fig.  18  and  Fig.  19.  The  loads  may  be  lifted  and  the  boom  raised  and  lorcrrd 
by  means  of  a  crab  or  by  a  hoisting  engine.  The  Btiff-leg  derrick  has  a  free  Bwing  of  about  la 
degrees.  The  mast  may  be  turned  by  hand  or  by  means  of  a  bull  wheel  operated  by  a  line  from  ix 
hoisting  engine.  Details  of  a  13-ton  timber  stiff-leg  derrick  are  shown  in  Fig.  ai.  SliB-\n 
derricks  of  large  capacity  arc  now  commonly  made  of  structural  steel.  Details  of  a  steel  stiff-lei 
derrick  are  given  in  Fig.  29. 


jff  aff"Uisnry 
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Fig.  32.     Details  of  a  Gallows  Fraue.    Auekican  Bridge  Coupany. 

Boom  Travelers. — The  mast  of  a  derrick  may  be  supported  by  the  framework  of  a  travefcf. 

Fig.  18.  The  traveler  may  be  made  one  or  several  stories  in  height.  The  booms  may  swing  « 
may  be  fixed  to  raise  and  lower  in  one  plane,  and  may  be  used  single  or  in  pairs.  Boom  travFlcri 
are  commonly  used  in  erecting  train  sheds,  and  structural  steel  buildings.  Details  of  a  steel  boon 
traveler  are  given  in  Fig.  28  and  Fig.  39. 

Viaduct  Travelers.— An  overhang  traveler  tor  erecting  a  high  steel  viaduct  is  shown  in  Fig.  i''- 
Gallows  Frame. — A  gallows  frame  or  a  transverse  bent  as  shown  in  F^.  33,  is  used  for  ereciin; 
plate  or  riveted  girders.     The  gallows  frame  is  guyed  fore  and  aft  with  steel  cables.      Gallu'' 
frames  are  commonly  used  in  pairs  or  a  gallows  frame  is  used  with  a  stiff-leg  derrick. 

Through  or  Gantry  Travelers. — A  through  or  gantry  traveler  consists  of  two  or  three  tRu." 
verse  bents  or  "  gallows  frames"  braced  longitudinally  and  is  carried  on  a  track  supported  on  ibf 
falsework  and  placed  outside  of  the  trusses.     The  traveler  has  a  clearance  such  that  it  can  bf 
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FALSEWORK. 

TABLE  XIII. 
Bill  at  Timseb  in  Tbavsler,  Fig.  34. 


No 

^siilsr 

■« 

No 

CroMSec- 
(lOT.  In. 

^e 

2B-0 

Hoiiling  bcamt 

XX    8 

iR-o 

Platform  cut  to  9  ft. 

1JX12 

18-0 

IB-0 

Sill.. 

8X  16 

C.p.. 

8  XI* 

Sheave  beam.. 

4X    8 

2x  8 

lfr<. 

Longitudinal.. 
Platform. 

8X10 

3&-0 

Leg.. 

16-0 

8X10 

Lei.. 

3X    8 

,^ 

Platform  planL. 

6X    8 

Jl-O 

Leg)  b*tter. 

6X10 

lo-o 

11-0 

wS'brace.. 

♦  X    8 

Ifi-O 

6X10 

Side  brace.. 

JX   8 

4X    6 

3X    8 

14-0 

4X    6 

14-0 

Fillers. 

Web  brace.. 

Leg  brace. 
Filters  cut  to  3  ft. 

jx  e 

3O-0 

Web  brace,  cut 

to  10  ft. 

Irt-O 

3X    8 

tS-0 

Leg  brace*  cut 

09  ft. 

8X  10 

Ift-O 

Track,  cut  to  8  in.  X  9  in. 

3X    8 

ao-o 

3X    B 

Fillers. 

3X    8 

18-0 

Leg  brace*  pUtform. 

3X    8 

Chord  cut  to  lo  ft. 

3X10 

Leg.plice.cut 

3X    8 

13-0 

Leg  brace  cut  to  ii  ft. 

la-o 

Leg  splice,  cut 

18-0 

Sliding  beam. 

3X   6 

12-0 

Lcg.pliccacut 

06  ft. 

4 

iX    4 

3«-o 

TABLE  XIV. 
Bill  op  Bolts  in  Travelbk,  Fic.  34. 


TABLE  XV. 
Bill  op  Irons  in'  Travblbr,  Fig.  34. 


No. 

Diameter,  In. 

Length.  Ft-In. 

No. 

Name. 

13s 
160 

ISO 
10 

1-  8 
1-  6 

I-O 

O-IO 

0-  8 

4 
4 

1 
16 
8 

t 

Sheave  Chock.. . .  . 

Bent  Bar* 

Bent  Bar. 

Bent  Bar. 

BentBari 

lol  in.  Block  Sheave. 

3  in.  X  i  !n.  X  1  ft.  9  in. 

3  in.  X  i  in.  X  3  ft-  5  in. 

3in.X}in.X2ft.0in. 

3  in.  X  i  in.  X  I  ft.  0  in. 

J  in.  X  1  in.  X  1  ft.  10  in. 
ijt  in.  diameter  X  ^  ft.  2  In. 
14  in.  diameter,  3  in.  .haft. 

Traveler  Wheel*... 

il  in.  diameter  X  6  ft.  6  in. 
Ii  in.  diameter  X  3  ft.  6  in. 

run  past  the  completed  bridge  or  structure.  Travelers  may  be  made  of  timber  or  structural  steel. 
Outline  plans  for  four  standard  timber  travelers  designed  by  the  American  Bridge  Company  are 
given  in  Fig.  33,  while  the  detail  plans  for  traveler  No.  i  are  given  in  Fig.  34.  The  bill  of  lumber 
for  traveler  No.  I  is  given  in  Tabic  XIIl ;  the  bill  of  bolts  is  given  in  Table  XIV,  and  the  bill  of 
irons  in  Table  XV.  Traveler  No.  I  may  be  used  for  single  track  railway  spans  up  to  350  ft.; 
traveler  No.  3  for  ungle  track  spans  ttp  to  175  ft.;  traveler  No.  a  for  double  track  spans  up  to 
'75  ft.;  and  traveler  No.  4  for  double  track  spans  up  to  350  ft. 

Dankk  Cars. — Derrick  cars  with  a  capacity  up  to  75  tons  are  in  common  use.  The  derrick 
cars  are  usually  self-contained  and  can  move  under  their  own  power.  The  boom  can  be  folded 
back  over  the  car  out  of  the  way  when  not  in  use.     A  sketch  of  a  derrick  car  is  shown  in  Fig.  30. 

FALSEWORK.— Falsework  for  the  erection  of  bridges  is  built  up  of  bents  made  of  three  or 
more  posts  or  piles,  braced  transversely  in  the  same  manner  as  for  permanent  trestles.  Framed 
bents  arc  carried  on  mudsills,  or  on  piles  where  the  foundation  is  inadequate  or  where  the  false- 
work is  in  flowii^  water.     Where  jnles  can  not  be  driven  in  running  water  or  where  there  is  danger 
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Fig.  23.    Standard  Tiubbr  Travelers.     American  Bridge  Company. 
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ERECTION  OF  STRUCTURAL  STEEL. 


Chap.  XII 


of  flood,  it  may  be  oeceseary  to  use  spread  footings  which  are  anchored  in  place.     Wbere 
practicable  to  obtain  piles  of  sufficient  length  they  may  be  used  for  the  full  height  of  the  falanmi 
The  timber  used  in  building  falsework  should  be  sound,  strong,  free  from  defects  that  will  aSis 
its  strength  or  interfere  with  its  use.     Since  the  structure  is  temporary,  durability  is  not  a 
important  element  in  selecting  timber  for  falseworic  unless  it  is  to  be  used  sevecal  tinjes. 

For  examples  of  timber  trestles,  see  Ch^jter  VIL 

Plans  of  typical  four-leg^d  falsework  as  used  by  the  American  Bridge  Company  aic  shun 
in  Fig.  25.    When  trains  are  to  be  carried  and  3-8  in.  X  16  in.  stringers  are  used  under  each 
bents  must  not  be  spaced  over  18  ft.  centers  for  the  falsework  as  shown. 


'- Polled ^Ks  dennit  ii/lh  bimedti^tinKtsary 
-— .  Thfa*trtqimtiimiiiml*nqthiitltgmliotxcttdX-C. 

S^lfe  t'xW'iiriitqe^artUbtBrdtred  I'thtr  SS-o'erX'S' 

tBlla.  tosalamdilioni. 

S:\  T^  7hi>  typt  of  Falsa  *iark  is  dni^atd fortitavy  sliiJt 

-  1  \^  tr^ck  spans  when  trains  arr  net  carritdsndfor 

V"  sin^  track  spans  if  le  HO  'y/hta  iraioi  sre  carrita. 
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Fig.  : 


mes. — Timber  piles  may  be  driven  with  a  drop  hammer.  Fig.  a6,  or  with  a  steam  hammer. 
A  spool  roller  pile  driver  with  a  drop  hammer  is  shown  in  Fig.  36.  The  hammer  is  raised 
top  of  the  leads  by  the  hoisting  engine;  the  hammer  is  then  permitted  to  fall  on  the  top  of  ibe 
pile,  dra^ng  the  hoisting  rope  down  with  it.  The  force  of  the  blow  of  the  hammer  depeod: 
upon  the  weight  of  the  hammer,  the  height  of  free  fall,  and  the  resistance  of  the  hammer  in  tbc 
leads.  By  catching  the  hammer  as  it  descends  the  operator  can  cushion  the  bbw  so  that  the  sale 
bearing  power  of  a  pile  as  calculated  from  the  penetration  may  be  very  misleading. 
Details  of  a  pile  driver  are  given  in  Fig.  27.  Ti nz   ■  3  C)t)t)Q[c 


DETAILS  OF  STEEL  ERECTION. 
The  safe  load  on  pilee  may  be  calculated  by  the  Engineering  News  formula 

here   P  =  safe  load  on  the  pile  in  tons; 
W  «  weight  of  hammer  in  tons; 
A  ■■  height  of  free  fall  of  hammer  in  ft.; 
3  ~  average  penetration  of  the  pile  (or  last  six  blows. 

m  ~ 


Sfooi  RoLLEK  Deives  eRfiMAxr  Track  Piu  Diiivea 

Fig.  26.    Types  of  Pile  Drivers. 


Fig.  37.    Details  of  Standard  Pilb  Drives. 

American  Bridge  Company.  ,--  1  ^ 


STEEL  BOOM  TRAVELER. 
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Fig.  a8.    Teaveleh  used  in  EitscnoN  of  Akmory,  University  o 
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Fig.  29.    Stiff-Leg  Derrick  used  on  Erection  Traveler  for  Erection  of  ArumIi 
Universitv  of  Illinois.     (Two  of  these  derricks  were  used  on  front  of  traveler.) 
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Piles  should  bave  a  penetration  of  not  lees  than  10  ft.  in  hard  material  and  not  less  than  30  ft. 
in  soft  material.    For  a  steam  hammer  unity  in  the  denominator  in  (i)  should  be  replaced  by  -^i 

The  following  specification  fa  commonly  used  for  piles  for  heavy  falsework. 

All  piles  are  to  be  spruce,  yellow  pine  or  oak,  not  less  than  g  in.  in  diameter  at  the  point  and 
not  more  than  14  in.  in  diameter  at  the  butt.  Piles  are  to  be  straight  and  sound,  and  free  from 
defects  affecting  their  strength  or  durability.  Piles  are  to  be  driven  into  hard  bottom  until  they 
do  not  move  more  than  i  in.  under  the  blow  of  a  hammer  weighing  3,000  lb.  and  failing  25  ft. 

For  specifications  for  falsework  piles,  see  Chapter  VII. 

A  track  pile  driver  Is  shown  in  Fig.  26. 

Design  of  Falsework. — Falsework  should  be  designed  to  cany  the  necessary  loads.  Where 
the  falsework  is  required  to  carry  traffic  it  should  be  designed  for  the  same  allowable  stresses  as 
are  permitted  for  timber  trestles  and  bridges.  Table  V,  Chapter  VII.  Where  the  falsework  does 
not  cany  traffic  the  allowable  stresses  may  be  fifty  per  cent  in  excess  of  those  permitted  for  perma- 
nent structures.  Care  should  be  used  in  the  design  to  prevent  crushing  of  timber  across  the 
grain.     For  details  of  timber  trestles  see  Chapter  VII. 

Trarder  foi  Erection  of  Armory.* — The  new  armory  for  the  University  of  Illinois  is  376  ft. 
by  430  ft.  in  plan,  the  main  drill  hall  being  covered  by  three-hinged  arches  with  a  span  306  ft. 
centers  of  end  pins,  a  center  height  of  94  ft.  3  in.,  and  are  spaced  36  ft.  6  in.  The  arches  have  a 
horizontal  tie  of  two  4  in.  X  I  in.  bars,  and  are  braced  together  in  pairs. 

Each  arch  was  shipped  in  eight  segments,  and  the  four  sections  for  each  half  of  the  arch 
were  assembled  and  riveted  up  in  horizontal  position  on  the  ground  close  to  their  final  positions. 
One  side  of  the  arch  was  then  lifted  into  a  vertical  plane  by  a  two-boom  traveler,  and  its  lower 
end  was  fitted  into  the  shoe  and  the  shoe  pin  driven.  The  truss  was  then  lowered  on  this  pin 
until  its  head  rested  on  the  ground,  the  arch  segment  being  supported  by  guys  at  the  sides.  The 
opposite  segment  of  the  arch  was  then  raised  and  adjusted  in  the  same  way.  The  traveler  was 
then  placed  at  the  center  of  the  arch,  and  the  hoisting  lines  of  the  two  booms  were  attached  near 
the  ends  of  the  two  half-arches,  which  were  then  raised,  the  lower  ends  rotating  on  the  shoe  pins. 
The  arch  was  then  held  while  the  center  pin  was  driven  and  the  purlins  were  placed  connecting  it 
to  the  adjacent  arch. 

The  traveler.  Fig.  38,  condsted  of  a  steel  tower  about  40  ft.  square  and  33  ft.  high  to  the 
working  deck.  On  thfa  deck  were  two  40-ft.  masts  with  A-frames,  each  carrying  a  90-ft.  boom,  so 
that  the  top  of  the  boom  could  reach  about  30  ft.  above  the  top  of  the  arches,  the  maximum 
height  from  the  ground  to  the  hoisting  block  lieing  135  ft. 

The  traveler  was  supported  on  wood  rollers  on  tracks  of  16  X  tG  in.  timbers  about  40  ft. 
apart.  The  upper  part  of  the  traveler  was  composed  of  two  stiff-leg  derricks  of  the  type  shown 
in  Fig.  39.  with  one  stiff-leg  and  one  sill  removed  from  each,  the  masts  being  stepped  on  the 
traveler  frame  and  connected  by  bracing  as  shown.  Each  derrick  had  a  lifting  capacity  of  15  tons, 
and  was  operated  by  an  engine  of  8  H.  P.,  the  two  engines  being  placed  on  a  platform  on  the 
lower  sills  of  the  traveler  about  a  ft.  from  the  ground. 

INSTRncnONS  FOR  THE  ERECTION  OF  STRDCTIIRAL  STEEL.— The  McCUntic- 
Marshall  Construction  Co.  has  issued  the  following  instructions  to  foremen. 

In  Order  to  Avoid  Accidents,  as  Far  as  Posdble,  be  Guided  by  the  Following: 

I.  See  that  Tour  Equipment  la  Sufldentl;  Strong. — It  is  your  duty  to  see  that  the  equip- 
ment and  tools  you  use  for  each  part  of  the  work  are  si^dently  strong  to  handle  the  same  safely. 

You  should  see  that  the  derricks  you  use  are  amply  strong  for  the  loads  to  be  lifted.  The 
goose  neck  and  gudgeon  pin  are  the  critical  points  of  a  derrick.  If  you  have  any  doubt  about 
the  strength  of  uie  goose  neck,  provide  heavy  wire  guya  from  gudgeon  pin  to  sill  at  base  of  stiff 
legs.  Don't  lift  a  ten  ton  load  on  a  five  ton  derrick.  The  same  thing  applies  to  gin  poles  and 
travelers.  Don't  overload  your  equipment  and  don't  run  any  chances  where  life  is  endangered. 
Be  careful  not  to  lift  any  but  a  light  load  on  a  derrick  if  the  length  of  the  boom  exceeds  seventy 
times  the  least  width  or  thickness  of  the  boom;  that  is,  if  your  boom  is  la  in.  X  14  in.  the  least 
width  is  13  in.,  you  should  not  lift  a  heavy  load  on  this  boom  if  it  is  more  than  seventy  feet  in 
length. 


'  Ei^neering  News,  Dec.  11,  1913. 
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See  that  travelers  are  well  aod  carefully  framed  and  erected,  well  braced  and  capable  d 
withstanding  the  greatest  wind,  and  shocks  from  heaviest  loads  that  are  to  be  lifted. 

See  that  the  hooks,  shackles  and  beckets  on  your  blocks  are  amply  strong,  and  don't  allov  i 
gate  block  to  be  used  without  it  being  closed  and  hooked.  Also  see  that  your  cables  and  chains 
as  well  as  the  rings  and  hooks  in  the  same,  are  amply  strong  for  the  loads  to  be  lifted. 

Do  not  use  old  or  worn  line  when  there  is  any  dai^er  to  men  or  material  by  eo  doing.  Cut 
out  the  use  of  manila  line  whenever  possible.  When  you  are  obliged  to  use  it  be  sure  it  is  amply 
strong.  Use  steel  cable  whenever  possible,  as  it  is  safer,  will  last  longer  and  is  cheaper  in  xt: 
long  run.  Be  sure  that  the  guy  cables  for  gin  poles,  derricks,  etc.,  are  of  sufficient  size  to  niib- 
Btand  the  tension  to  come  upon  them.  Also  that  the  cables  are  securelv  fastened  by  means  of  a 
sufficient  number  of  good,  strong  clamps  well  fastened,  and  also  that  deaa  men  or  other  anchorage 

mple,  and  watch  them  when  liftii^;  heavy  loads  to  see  that  guys  do  not  cut  dead  men  in  tn'o. 

pn  pcAe  guys  as  near  at  r^ht  angles  to  each  other  as  possible,  when  only  four  are  used, 
u  should  be  careful  to  see  that  the  gas  pipe  or  wooden  scaffold  you  use  is  of  proper  sue 
Huu  Diiength  for  the  span  and  loads.  If  there  is  any  (juestion  about  the  strength,  test  the  same 
by  applying  several  times  the  load  that  will  come  upon  it.  See  that  plank  you  use  for  scalFolding. 
etc.,  is  the  right  kind  of  wood,  preferably  white  or  yellow  pine,  free  from  knots  and  shakes  ai^ 
plenty  strong,  watching  to  see  tnat  it  is  thick  enough  for  the  span  on  which  it  is  used. 

Do  not  put  heavy  loads  on  light  push  cars.  The  frame  is  not  only  liable  to  crush  but  thf 
shafts,  boxes  or  wheels  may  bend  or  break,  ijpeetting  the  load  and  injunng  the  men. 

3.  See  That  Your  Equipment  is  in  Order.— In  setting  up  your  derricks  see  that  they  an 

Elumb,  properly  guyed  and  that  the  splices  are  brought  into  contact  and  bolted  with  tight-fittini 
alts.  See  that  the  goose-necks  fit  gudgeon  pin  closely  and  are  not  cracked  or  bent  and  that  lh# 
top  of  stiff-leg  is  tied  down  from  the  goose-neck  to  the  sill  to  prevent  lifting  tendency.  If  the 
timbers  in  the  mast,  boom,  stiff-legs  or  sills  are  rotten,  knotty  or  wind  shaken,  do  not  use  them. 
See  that  your  gudgeon  pin  and  pintle  casting  are  well  fastened  to  the  mast,  and  if  the  mast  is  d 
wood  that  the  wood  is  not  rotten  or  worn  at  these  points. 

You  should  see  that  all  leads  are  as  straight  and  direct  as  possible,  as  failure  to  provide  good 
leads  reduces  the  efficiency  of  your  power  ana  equipment,  as  well  as  producing  heavy  wear  on  the 
lines  and  is  a  frequent  cause  of  accidents.  Particular  care  should  be  exercised  in  securing  good 
leads  for  wire  cable  on  account  of  liability  of  breakit^  the  individual  wire  strands  by  sharp  b^nds 
or  indirect  leads.  A  broken  individual  wire  is  liable  to  lie  across  and  cut  the  other  wires  of  the 
cable.  When  you  use  a  wooden  traveler  see  that  the  timbers  are  all  in  good  condition  and  that 
itiserected  plumb  and  square  and  the  joints  are  properly  and  securely  bolted.  More  aceidents 
occur  from  the  use  of  wooden  derricks  and  wooden  trcamers  than  from  any  other  cause,  and  for  this 
reason  extreme  care  should  be  exercised  to  see  that  they  are  in  good  condition  before  usii^  thera. 
When  a  traveler  is  used,  see  that  it  is  properly  erected  and  thoroughly  bolted  and  all  sway  and 
bracing  rods  tightened. 

Do  not  use  an  iron  gin  pole  if  the  sections  are  bent  or  dented  seriously,  or  the  splices  do  not 
clamp  the  pole  tightly  and  securely.  Do  not  use  a  wooden  gin  pole  unless  the  timber  is  in  good 
condition,  well  spliced  with  good  lon^  splices  securely  bolted. 

See  that  your  hoisting  engine  is  in  good  order;  that  the  shafts  are  not  bent,  the  dogs,  clutches 
and  brakes,  including  the  friction,  are  in  good  condition  and  working  order.  The  lever  con- 
trolling the  winch  heads  should  be  straight  and  when  thrown  in  should  engage  the  ratchet  fulh-. 
See  that  winch  head  cannot  dip  off  shaft.  See  that  the  boilers  are  cleaned  frequently  and  kept  ia 
good  condition. 

You  should  be  particular  to  see  that  gas  pipe  scaffolding  is  not  rusted  on  the  inmde  and  that 
it  is  fastened  so  that  it  cannot  roll  or  turn.  Do  not  use  any  plank  or  timber  for  scaffolding  that 
is  knotty,  rotten  or  weather  cracked,  and  allow  no  man  to  work  on  scaffold  plank  laid  loose  on 
the  supports.  The  plank  should  be  fixed  so  that  they  cannot  move  or  slide  endwise,  by  udng  drop 
bolts. 

AH  cables  should  be  in  good  condition  and  kept  oiled  or  greased  so  that  they  will  not  rust; 
if  they  are  not  in  good  condition,  do  not  use  them.  All  guy  cables  should  be  securely  fastened 
by  means  of  a  sufficient  number  of  good  clamps. 

See  that  your  chains  and  the  rinrs  and  hocks  in  the  same  are  not  worn,  cracked  or  bent 
out  of  shape  and  that  they  are  annealed  at  least  once  every  three  months  in  an  annealing  fumact, 
if  you  are  near  one,  or  otherwise  anneal  them  yourself  by  laying  them  down  in  a  straight  line  and 
building  a  good  sized  wood  fire  over  them,  heating  slowly  to  a  cherry  red,  then  cover  over  thor- 
oughly with  ashes  and  heated  dry  dirt  leaving  them  to  cool  slowly  in  the  ashes  and  dirt.  In  laying 
the  chains  down  in  a  straight  line  do  not  lay  one  chain  on  top  of  another.  Be  particular  to  jce 
that  the  covering  is  ample  so  that  air  or  moisture  cannot  cool  the  chains  quickly  or  partially. 
This  annealing  should  be  done  on  Saturday  and  chains  not  disturbed  until  Monday.  Chains 
used  frequently  every  day  should  be  annealed  once  a  month. 

See  that  your  blocks  are  in  good  order  and  that  the  beckets,  shackles  and  hooks  are  not 
bent,  cracked  or  out  of  shape,  and  that  faces  of  blocks  are  in  good  condition,  also  that  the  sheaves 
are  not  cracked  or  the  flanges  broken. 


tion,  also  that  tl 
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See  that  all  button  aets  (rivet  Kta)  are  fastened  to  the  air  hammere. 

3.  SiBe  diat  Toot  Equipment  and  Tools  are  Propeilj  Used. — In  using  a  locomotive  crane  be 
sure  that  your  track  is  properly  ballasted  and  level  and  the  rails  well  spiked  down.  Do  not  lift  a 
load  sideaays  vhen  the  locomotive  crane  is  standing  on  a  curve,  viitkout  using  extra  care.  Use  your 
outriggers  and  rati  clamps  when  lifting  a  iieavy  load. 

The  loads  that  a  locomotive  crane  b  capable  of  handling  safely  for  each  radius  are  plainly 
marked  on  the  crane;  don't  attempt  to  lift  heavier  loads  with  the  crane. 

See  that  the  booms  of  locomotive  cranes,  derrick  cars  or  derricks,  are  in  first  class  condition. 
If  the  boom  (or  flangies  of  the  boom)  has  been  injured  or  bent,  don't  use  it,  but  replace  the  broken 
or  bsnt  part  with  new  material.  Don't  attempt  to  straighten  it,  as  the  material  in  all  probability 
has  been  injured,  and  will  break  or  collapse  sooner  or  later. 

A  locomotive  crane  is  a  useful,  but  dangerous  piece  of  equipment,  for  this  reason  the  greatest 
possible  care  ^ould  be  exercised  in  handling  the  same.  Don't  allow  any  tnan  on  the  ear  or  crane 
cab.  except  (he  craneman,  and  keep  workmen  from  under  the  boom.  Don't  attempt  to  shift  track  with 
your  crane  standing  on  the  same  track,  and  don't  attempt  to  lift  a  maximum  load  with  the  boom 
horizontal. 

You  must  be  especially  careful  in  swinging  boom  sidewise  or  lifting  loads  sidewise  with  a 
derrick  car  as  your  car  will  upset  unless  you  use  outriggers  or  guys.  Don't  run  chances,  but  lift 
the  l(Kid  straight  ahead  wherever  possible.  See  that  the  boom  on  the  derrick  car  is  tightly  guyed 
at  all  times  with  wire  rope  running  from  end  of  boom  to  sides  of  car.  Never  use  manila  line  for 
this  purpose,  as  it  will  stretch  and  your  boom  will  get  away  from  you,  upsetting  the  car.  Use 
additional  guys  to  end  of  boom  when  setting  heavy  loads. 

In  carrying  loads  with  a  locomotive  crane  or  derrick  car  on  a  curve,  be  sure  that  the  track  is 
li^vcl  and  the  outer  rail  not  elevated  as  is  customary  with  railroad  track. 

Be  very  careful  in  using  a  wooden  boom  extension  or  outriggers,  that  you  do  not  lift  too 
heavy  loads.  The  increased  length  of  the  boom  and  the  weight  of  extension  reduce  the  lifting 
capacity  considerably.  Whenever  possible,  avoid  the  attachment  of  guy  lines  to  railroad  tracks, 
as  numerous  accidents  have  occurred  by  car  running  into  the  guys. 

Hook  onto  sheets  or  bundles  of  small  material  so  that  they  cannot  slip  out. 

Don't  allow  men  to  carry  glazed  window  sash  on  their  shoulders  when  the  wind  is  blowing. 

See  that  gate  blocks  are  securely  fastened  and  that  men  do  not  stand  in  the  "bite"  of  a  line. 

Do  not  use  a  light  gate  block  when  lifting  heavy  loads. 

Lines  should  be  run  around  two  winch  heads  when  making  a  heavy  lift. 

When  you  use  a  derrick  keep  the  boom  elevated  dbone  a  horizontal  line  as  far  as  possible,  as  gen- 
eraily  the  worst  stress  comes  on  the  boom  and  mast  as  well  as  sItff-Ugs  or  guv  lines  when  boom  is  tn  a 
horisoniai  fiosition.  A  maximum  load  for  the  derrick  should  never  be  lifted  with  the  boom  in  a  hori- 
zontal position. 

When  you  use  a  gin  pole  see  that  the  splices  are  well  bolted  and  the  pole  is  properly  guyed. 
Do  not  lean  the  pole  too  much  when  lifting  a  load  or  moving  the  pole  and  see  that  the  foot  of^the 
pole  cannot  move  or  slip  except  when  you  desire  to  move  it. 

A  number  of  accidents  have  occurred  through  the  improper  loading  of  push  cars.  See  that 
the  load  is  properly  placed  so  that  it  cannot  roll  or  tumble  over,  especially  going  around  a  curve. 
Do  not  allow  your  men  to  push  on  the  side  of  the  car  with  a  top  heavy  load.  They  should  push 
or  pull  from  the  ends  of  the  piece. 

When  you  lift  a  beam  or  girder  use  scissor  dogs  or  cast  steel  girder  hooks  wherever  possible, 
and  it  you  are  obliged  to  use  either  ordinary  dogs  or  chains  see  that  wooden  blocks  are  used  be- 
tween the  chain  or  dog  and  the  flange  to  prevent  the  girder  from  slipping. 

Avoid  the  use  of  chains  except  for  lifting  light  loads.  Where  you  have  heavy  loads  to  lift 
use  cable  slinga,  being  careful  to  avoid  sharp  bends  by  using  rounded  wooden  blocks  between 
cable  and  load.  Don't  put  too  many  parts  of  lashing  into  a  hook  as  by  doing  so  you  arc  liable  to 
open  up  the  hook.      See  that  exposed  parts  of  dangerous  machinery  are  properly  covered. 

4.  Be  Orderiy,  Careful.— See  that  your  work  is  carried  on  in  an  orderly,  careful  manner. 
See  that  material  is  unloaded  and  piled  in  an  orderly,  careful  way  so  that  it  cannot  fall,  turn 

or  be  blown  over. 

Unless  necessary,  do  not  hoist  any  material  to  a  structure  until  you  are  ready  to  put  it  into 
position  and  properly  fasten  it.  In  cases  where  you  do  hoist  material  to  the  structure  before 
putting  it  in  its  hnal  position,  see  that  it  is  piled  in  an  orderly  way  so  that  it  cannot  turn  or  roll 
over  when  a  man  steps  on  it. 

Don't  let  tools  or  equipment  such  as  bolts,  nuts,  drift  pins,  blocks,  dolly  bars,  etc.,  lie  around 
so  that  they  can  be  knftcked  off  the  work  or  so  that  any  one  can  fall  over  them.  Keep  every- 
thing orderly  and  in  ship-shape  and  allow  nothing  to  lie  around. 

5.  Be  VigUant. — You  must  use  vigilance  and  be  on  the  job  practically  all  the  time  to  see 
tliat  your  men  are  carrying  out  your  instructions;  that  tools  and  equipment  are  in  fit  condition 
for  the  work  and  that  they  are  handling  the  work  carefully  and  intelligently. 

Be  careful  and  insist  on  the  men  under  you  being  careful,  and  do  not  allow  any  one  who  is 
reckless  and  careless  to  work  for  you.  i^iliinl 
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r  tools  or  the  work  wluch  you  an 

„    .  ,        ^         der  you  or  others,  invEst^te  lYt 

atisfy  yourself  of  the  safety  of  the  same  before  proceeding  further.     If  you  aic  satisfied 
the  work,  equipment  or  tools  are  not  safe,  put  them  in  a  safe  condition  immediately. 

6.  See  diat  Pnnter  Instmctioii  is  Glren  Employees. — Call  attention  of  men  to  any  dangerou 
conditions  on  the  job  so  that  they  can  be  on  the  lookout.  Your  faithful  attention  to  this  matta 
is  to  the  interest  of  employee  and  employer  alike. 

7.  Uttflt  Condidon. — You  must  see  that  every  employe  under  you  is  in  proper  phyaina)  con- 
dition. They  should  be  strong,  temperate,  clear-beaded,  with  good  eyesight,  good  hiring,  and 
not  lame  or  crippled. 

Do  not  allow  any  man  to  go  to  work  who  has  been  drinkii^  or  drinks  during  working  houn 
or  who  is  sick  or  in  unlit  condition.  A  man's  mind  is  not  clear  who  is  at  all  under  the  influence 
of  liquor  and  thus  endangers  his  own  and  fellow  workmen's  lives.     Don't  employ  ignorant  persons. 

Don't  employ  any  one  under  eighteen  years  of  age  and  preferably  no  one  under  twenty-one. 
Those  emploj^d  between  the  ages  of  eighteen  and  twenty-one  should  be  strong,  sober,  healthy 
boys  who  desire  to  learn  the  business.  You  must  secure  a  written  permit  from  the  parents  6t 
all  boys  under  twenty-one  years  of  age,  authorizing  you  to  employ  them.  Forms  for  this  purpose 
will  be  sent  you.  The  character  of  this  business  is  such  that  a  workman  should  be  strong  and 
sound  in  body,  temperate  in  habits,  clear  and  alert  in  mind,  to  avoid  accidents. 

8.  Use  Judgment — You  must  use  judgment  in  assigning  men  to  do  certain  work  and  ace  tha: 
they  are  capable  and  experienced  in  the  work  to  be  done. 

Signal  men  should  be  capable,  experienced  bridgemcn,  and  should  stand  in  a  position  where 
they  can  be  seen  by  the  men  at  the  hoisting  engine  and  those  connecting  the  work.  SignaU 
should  be  clearly  understood.  Use  none  but  good,  careful,  experienced  locomotive  cranemcn. 
derrick  car  men,  and  men  on  winch  heads. 

Don't  resort  to  expediency  by  allowing  an  inexperienced  man  to  do^the  work  where  experienrc 
counts.  Educate  the  men  up  to  their  work.  Don't  throw  too  much  on  inexperienced  men  all 
at  once.  You  should  see  that  the  pusher  and  men  use  proper  tools  to  do  the  work  and  handle 
same  properly.  Don't  allow  your  men  to  work  on  crane  runway  when  cranes  are  in  motion. 
Don't  allow  men  to  work  on  scaffold  that  you  would  not  work  on  yourself.  Where  there  arc 
heavy  pieces  to  be  lifted  see  if  the  weight  is  marked  on  the  piece;  if  not,  get  the  weight  from 
the  invoice  and  mark  it  on,  calling  pusher's  attention  to  it. 

9.  Do  ffot  Allow  Hen  to  Work  In  Perilous  Plues. — You  must  see  that  your  men  are  no: 
exposed  to  extremely  hazardous  conditions  and  that  they  are  not  allowed  to  work  in  extremely 
dangerous  places. 

Do  not  allow  your  men  to  work  under  loads  and  in  places  where  there  is  imminent  danger. 
Be  careful  not  to  allow  men  to  work  on  the  roofs  of  buildings  when  there  is  frost,  ice  or  snov 
on  the  same,  without  taking  extreme  precautions.     The  same  applies  to  other  steel  structures. 

10.  See  TbMt  Workmen  Obey  Folloirinc  Rules. 

a.  Don't  Be  Reckless. — More  accidents  occur  throiwh  recklessness  than  any  other  cause. 
E>on't  walk  on  rods.     Don't  ride  a  load.     Don't  ride  on  a  locomotive  crane. 

b.  Don't  Be  Careless. — Look  where  you  step  and  be  sure  that  on  what  you  step  b  safe  and 
secure.  Don't  step  on  ends  of  loose  planL  Don't  start  to  slide  down  a  line  unless  you  are  sure 
the  ends  are  fastened. 

c.  Be  OrderiT' — Do  whatever  you  do  in  an  orderiy,  careful  manner.  Pile  material  bo  that 
it  cannot  roll,  fall,  tumble,  or  be  blown  over.  Don't  let  tools  or  equipment  such  as  bolts,  nuts, 
drift  pins,  blocks,  dolly  bars,  etc.,  lie  around  so  that  they  can  be  knocked  off  the  work  or  ao  that 
any  one  can  fall  over  them. 

d.  Unfit  Condition. — Don't  go  to  work  if  you  have  been  drinking  or  do  not  feel  well.  If  you 
are  lame  or  have  any  defect  in  hearing;  or  eyesight  you  should  not  work  at  this  business  aa  by  so 
doing  you  endanger  your  own  and  fellow  workmen's  lives.  If  you  are  inexperienced  in,  or  ud- 
suited  for  the  work  to  be  done,  don't  undertake  it. 

e.  Be  VlgltsnL — Watch  what  you  are  doing.  Don't  stand  or  work  under  a  toad.  Don't 
go  in  the  "  bite"  of  a  line  nor  stand  in  front  of  a  snatch  block.  Don't  work  on  or  about  a  crane 
runway  when  the  crane  is  in  use  unless  there  is  a  stop  between  you  and  the  crane. 

/.  Don't  Use  Unfit  Tools. — Be  sure  the  tools  and  equipment  you  use  are  in  good  working 
order.     If  they  are  not,  don't  use  them.     Don't  work  with  men  who  don't  observe  these  rule^ 
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SPECIFICATIONS  FOR  THE  ERECTION  OF  RAILWAY  BRIDGES.* 
Ambkic&n  Railway  Enginrbung  Association. 

I.  Work  to  be  Done. — The  Contractor  shall  erect,  rivet  and  adjust  all  metal  work  in  place 
complete,  and  perform  all  other  work  hereinafter  specified. 

3.  Plant.— The  Contractor  shall  provide  all  tools,  machinery  and  appliances  necessary  for 
the  expeditious  handling  of  the  work,  mcluding  drift  pins  and  fittmg  up  bolts. 

3.  PalBeworlc — The  method  of  erection  and  plans  for  falsework  and  erection  equipment 
shall  be  subject  Co  approval  by  the  Engineer,  but  such  approval  shall  not  relieve  the  Contractor 

from  any  responsibility.     Falsework  will  be  built  by  t Falsework 

material  of  every  character  will  be  provided  by  the  t 

The  temporary  structure  for  use  during  erection  and  for  maintaining  the  traffic  shall  be 
properly  designed  and  substantially  constructed  for  the  loads  which  will  come  upon  it.  All  bents 
shall  be  thoroughly  secured  against  movement,  both  transversely  and  longitudinally.  The  bents 
shall  be  well  secured  against  settling,  and  piles  used  wherever  firm  bottom  cannot  be  obtained. 
Upon  completion  of  the  erection,  the  temporary  structure,  if  the  property  of  the  Railway  Company, 
shall  be  removed  without  unnecessary  damage  and  neatly  pilai  near  the  site  or  loaded  on  cars, 
as  may  be  directed.  If  the  property  of  the  Contractor,  it  shall  be  removed  in  a  manner  subject 
to  the  approval  of  the  Engineer. 

Falsework  placed  by  the  Railway  Company  under  an  old  structure  or  for  carrying  traffic, 
may  be  used  as  far  as  practicable  by  the  Contractor  during  erection,  but  it  shall  not  be  unneces- 
sarily cut  or  wasted. 

4.  Conduct  erf  Work. — The  work  shall  be  prosecuted  with  sufficient  force,  plant  and  ec^uip- 
ment  to  expedite  its  completion  to  the  utmost  extent  and  in  such  a  manner  as  to  be  at  all  times 
subOTdinate  to  the  use  of  the  tracks  by  the  Railway  Company,  and  so  as  not  to  interfere  with  the 
work  of  other  contractors,  or  to  close  or  obstruct  any  thoroughfare  by  land  or  water,  except 
under  prt>per  authority. 

Reasonable  reduction  of  speed  will  be  allowed  upon  request  of  the  Contractor. 

Tracks  shall  not  be  cut  nor  shall  trains  be  subjected  to  any  stoppage  except  when  specifically 
autborixed  by  the  Engineer. 

The  Contractor  shall  protect  traffic  and  his  work  by  flagman  furnished  by  and  at  the  expense 
irf  the  Railway  Company.  The  Contractor  shall  provide  competent  watchmen  to  guard  the  work 
and  material  against  injury. 

5.  Enf^ne  Service.' — If  under  the  contract,  work  train  or  engine  service  is  fumbhcd  the 
Contractor  free  of  charge,  such  service  shall  consist  only  in  unloading  materials  and  in  trans- 
ferring the  same  from  a  convenient  siding  to  the  bridge  site.     Other  engine  service  shall  be  paid 

for  by  the  Contractor  at  the  rate  of  t per  day  per  engine,  the  time  to  include  the  time 

necessary  for  the  engine  to  come  from  and  return  to  its  terminal.  When  engine  service  is  desired 
the  Contractor  shall  (five  the  proper  railway  officials  at  least  24  hours'  advance  notice  and  the 
Railway  Company  will  furni^  the  service  as  promptly  as  possible,  consistent  with  railroad 
operations. 

When  derrick  cars  are  used  on  main  tracks,  their  movemente  shall  be  in  charge  of  a  train 
ctew,  and  the  expense  of  the  crew  and  any  engine  service  other  than  as  noted  above  shall  be 
charged  to  the  Contractor. 

6.  Trtuuportktlon. — When  transportation  of  equipment,  materials  and  men  is  furnished 
free  over  the  Railway  Company's  line,  it  shall  be  subject  to  such  conditions  as  may  be  stated 
in  the  contract. 

7.  Masonry. — The  Railway  Company  will  furnish  all  masonry  to  correct  lines  and  elevations, 
and  unless  otherwise  stated  in  the  contract,  will  make  a!!  changes  in  old  masonry  without  un- 
necessarily impeding  the  operations  of  the  Contractor.  The  Railway  Company's  engineers  will 
establish  lines  and  elevations  and  assume  responsibility  therefor,  but  the  Contractor  shall  com- 
pare the  elevations,  distances,  etc.,  shown  on  plans,  with  the  masonry  as  actually  constructed  as 
far  as  practicable,  before  he  assembles  the  steel.  In  case  of  discrepancy,  he  shall  immediately 
notify  the  Eni^ineer. 

8.  Hnn'<l'1g  and  Storing  of  Haterisla. — Cars  containing  materials  or  plant  shall  be  promptly 
unloaded  upon  delivery  therefor,  and  in  case  of  failure  to  do  so  the  Contractor  shall  be  liable  for 
demurrage  charges.  Material  shall  be  placed  on  skids  above  the  ground,  laid  so  as  not  to  hold 
water,  and  stored  and  handled  in  such  a  manner  as  not  to  be  injured  or  to  interfere  with  railroad 

r rations.     The  expense  of  repairing  or  replacing  material  damaged  by  rough  handling  shall  be 
rg«i  to  the  Contractor.     The  Contractor,  while  unloading  and  storing  material,  shall  comparer 
each  piece  with  the  shipping  list  and  promptly  report  any  shortage  or  injury  discovered. 


.,  Vol.  1 


D,=;,lz...,'Ct)t)g[c 


484  ERECTION  OF  STRUCTURAL  STEEL. 

9.  Miintwuaca  trf  TraSc — When  traffic  is  to  be  maintaiDed  it  will  be  carried  on  in  ( 
manner  as  to  interfere  as  little  as  practicable  with  the  work  ol  the  Contractor. 

Changes  in  the  supporting  structure  or  tracks  required  during  erection  shall  be  at  all 
under  the  direct  control  and  supervision  of  the  Railway  Company. 

10.  Rimoral  of  Old  Structure.— Unless  otherwise  specined,  metal  work  in  the  old  struduccl 
shall  be  dismantled  without  unnecessary  damage  and  loaded  on  cars  or  neatly  piled  at  a  au\ 
immediately  adjacent  to  the  tracks,  and  at  a  convenient  grade  for  future  handling,  as  may  t^ 
directed.  When  the  structure  is  to  be  used  elsewhere  all  parts  will  be  matchmarked  by  tbt 
Railway  Company;  when  the  old  bridge  is  composed  of  several  spans  the  parts  ol  each  shall  be  lap 
separate. 

11.  HeUl  Work. — Material  shall  be  handled  without  damage.  Threads  of  all  pins  shall  bt 
protected  by  pilot  and  driving  auts  while  being  driven  in  place.  | 

Light  drifting  will  be  permitted  in  order  to  draw  the  parts  together,  but  drifting  for  tht 
purpose  of  matching  unfair  holes  will  not  be  permitted.     Unfair  holes  shall  be  reamed  or  drilled  1 

Nuts  on  pins  and  on  bolts  remaining  in  the  structure  shall  be  effectively  locked  by  cbeckistl 
the  threads. 

All  splices  and  licld  connections  shall  be  securely  bolted  prior  to  riveting.  When  the  pans 
are  required  to  carry  traffic,  important  connections,  such  as  attachments  of  stringers  and  floor- 
beams,  shall  have  at  least  fifty  (50)  per  cent  of  the  holes  filled  with  bolts  and  twenty-five  (25)  p^r  I 
cent  with  drift  pins.  All  tension  splices  shall  be  riveted  up  complete  t>efore  blocking  is  removrd 
When  not  carrying  traffic,  at  least  thirty-three  and  one-third  (331)  per  cent  of  the  holes  shall  ba« 
bolts.  ' 

Rivets  in  splices  of  compression  members  shall  not  be  driven  until  the  members  shall  han , 
been  subjected  to  full  dead  load  stresses.  Rivets  shall  be  driven  tight.  No  recupping  or  caulkinz ' 
will  be  permitted.  The  heads  shall  be  full  and  uniform  in  size  and  free  from  fins,  conccnlr: 
and  in  full  contact  with  the  metal.     Heads  shall  be  painted  immediately  after  acceptance. 

Rivets  shall  be  uniformly  and  thoroughly  heated  and  no  burnt  rivets  shall  be  driven.  .M! 
defective  rivets  shall  be  promptly  cut  out  and  redrivcn.  In  removing  rivets  the  surroundinf  I 
metal  shall  not  be  injured;  if  necessary,  the  rivets  shall  be  drilled  out. 

II.  Uisflts. — Correction  of  minor  misfits  and  a  reasonable  amount  of  reaming  shall  be  cok-  | 
Bldercd  as  a  legitimate  part  of  the  erection. 

Any  error  in  shop  work  which  prevents  the  proper  as.sembling  and  fitting  up  of  parts  by  iht . 
moderate  use  of  drift  pins,  and  a  moderate  amount  of  reaming  and  slight  chipping  or  cuttinj.  I 
shall  be  immediately  reported  to  the  Engineer  and  the  work  of  correction  done  in  the  presence  rt 
the  Engineer,  who  shall  check  the  time  expended.  The  Contractor  shall  render  an  itemized  bil 
for  such  work  of  correction  for  the  approval  of  the  Engineer. 

13.  Anchor  Bolts. — Holes  tor  all  anchor  bolts,  except  where  bolts  are  built  up  with  tho 
masonry,  shall  be  drilled  by  the  Contractor  after  the  metal  is  in  place  and  the  bolts  shall  be  srt 
in  Portland  cement  grout. 

li.  Bed  Plates. — Bed  plates  resting  on  masonry  shall  be  set  level  and  have  a  full  even  bearing 
over  their  entire  surface;  this  shall  be  attained  by  either  the  use  of  Portland  cement  grout  or 
mortar,  or  by  tightly  ramming  in  rust  cement  under  the  bed  plates  after  blocking  them  accurately 
in  position. 

15.  Decks. — TTie  • will  frame  and  place  the  permanent  timber  derk. 

16.  Painting. — The  paint  will  be  furnished  by  * and  shall  be  of 

such  color,  quality  and  manufacture  as  may  be  specified. 

Surfaces  inaccessible  after  erection,  such  as  bottoms  of  base  plates,  tops  of  stringers,  etc.. 
shall  receive  two  coats  of  paint,  allowing  enough  time  between  coats  for  the  first  coat  to  dry  before 
applyii^  the  second.  No  paint  shall  be  applied  in  wet  or  freezing  weather,  nor  when  the  surface 
of  the  metal  is  damp.  Painting  shall  be  done  in  good  and  workmanlike  manner,  subject  tosrrict 
inspection  during  progress  and  after  completion,  and  in  accordance  with  special  instructions 
which  shall  be  given  by  the  Engineer.  All  metal  shall  be  fhor  lughly  cleaned  of  dirt,  rust,  loose 
scale,  etc.,  before  the  paint  is  applied. 

17.  Clearing  the  Sito. — Tne  Contractor,  after  completion  of  the  work  of  erection,  shall 
remove  all  old  material  and  debris  resulting  from  his  operations  and  place  the  premises  in  a  neat 

18.  Superintendence  and  Workmen. — During  the  entire  progress  of  the  work  the  Contractor 
ehal!  have  a  competent  superintendent  in  personal  charge  and  shall  employ  only  skilled  and 
competent  workmen.  Instructions  given  by  the  Engineer  to  the  Superintendent  shall  be  carrird 
out  the  same  as  if  givCn  to  the  Contractor.  If  any  of  the  Contractor's  employes  by  unseemly 
or  boisterous  conduct,  or  by  incompetency  or  dishonesty,  show  unfitness  for  employment  on  ihr 
work,  thi-y  shall,  upon  instructions  from  the  Eniiineer,  be  discharged  from  the  work,  nor  there- 
after bo  employed  upon  it  without  the  Engineer's  consent. 

•  Insert  "  Railway  Company"  or  "Contractor."  as  the  case  may  be. 
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19.  lospection. — The  work  (rf  erection  shall  at  all  timcB  be  subject  to  the  inspection  and 
acceptance  of  the  Ennneer. 

20.  Engineer. — The  term  "Engineer," 
Chief  Ei^neer  of  the  Railway  Company,  o 

INSTRUCTIONS  FOR  THE  INSPECTION  OF  BRIDGE  ERECTION* 

( 1 )  Study  and  observe  the  plans  and  specifications  for  steel  construction.  Study  the  masonry 
plans  and  check  the  masonry  as  built  with  the  steel  plans. 

(2)  Familiarize  yourself  with  the  local  conditions  affecting  erection. 

Make  the  acquaintance  of  the  principal  men  engaged  upon  the  work  and  of  local  residents 
whose  interests  may  be  affected  thereby. 

{3)  Obtain  and  study  carefully  the  time  table  and  be  well  posted  concerning  the  time  when 
regular  and  extra  trains  are  due  and  their  relative  importance.  Acquaint  yourself  with  all  special 
traffic  arrangements,  made  because  of  the  work  in  hand. 

(d)  Secure  full  information  concerning  the  conditions  of  the  work  in  the  bridge  shop  and  the 
probable  dates  of  shipment. 

(5)  Obtain  reports  of  any  uncompleted  or  erroneous  work  that  must  be  attended  to  after 
arrival  of  the  material  in  the  field. 

(6)  Study  the  erection  program  in  order  to  avmd  delays  and  be  able  to  recommend  some 
other  procedure  in  an  emetvcncy. 

(7)  Endeavor  to  have  full  preparations  made  before  disturbing  the  track  so  that  the  erection 
may  proceed  rapidly  and  the  period  of  such  disturbance  be  made  a  minimum. 

(8)  Keep  a  record  of  the  arrival  of  all  materials.  The  contractor's  record  should  be  sufhcienC 
if  available.  Strive  to  anticipate  any  shortage  of  material  and  use  all  available  facilities  to  hasten 
delivery  of  the  needed  parts. 

(9)  Study  the  progress  of  the  work  and  determine  whether  it  is  likely  to  be  completed  in  the 
time  allotted.  If  not,  endeavor  to  secure  such  additions  to  the  force  and  equipment  as  will  insure 
such  completion. 

(10)  Make  a  daily  record  of  the  force  employed  and  the  distribution  of  labori  in  a  way  that 
will  assist  in  following  clauses  9  and  23. 

(11)  Exercise  a  constant  supervision  of  any  temporary  structure  or  falsework  and  make 
sounding  if  necessary  with  the  purpose  of  discovering  any  evidence  of  failure  or  lack  of  safety 
and  havii^  it  corrected  before  damage  is  done.  Examine  erection  equipment  with  a  view  to  its 
safety  and  adequacy. 

(13)  Be  constantly  on  hand  when  work  is  in  progress  and  note  any  damage  to  the  metal, 
failure  to  conform  to  the  specification  or  any  especial  difhculty  in  assembling. 

(13)  Make  sure  that  each  member  of  the  structure  is  placed  in  its  proper  position.  If  match 
marlra  are  used,  examine  them  with  care. 

Endeavor  to  have  the  several  members  assembled  in  such  order  that  no  unsatisfactory  make- 
shifts need  be  resorted  to  in  getting  some  minor  member  in  place. 

(id)  Prevent  any  abuse  or  rough  usage  of  the  material.  Bending,  straining  and  heavy  pound- 
ing with  sledges  are  included  in  such  abuse. 

{15}  Watch  carefully  the  use  of  fillers,  washers  and  threaded  members  to  sec  that  they  are 
neither  omitted  nor  misused. 

(16)  Make  certain  that  all  parts  of  the  structure  are  properly  aligned  and  that  the  required 
camber  exists  before  riveting.  It  is  possible  for  a  structure  to  be  badly  distorted  although  the 
rivet  holes  are  well  filled  with  the  bolts. 

(17)  Watch  the  heating  of  rivets  to  insure  against  overheating  and  to  make  sure  that  scale 
is  removed. 

Examine  and  test  carefully  all  field-driven  rivets  and  have  any  that  are  loose  or  imperfect 
replaced. 

Have  cut  out  and  replaced  all  rivets,  whether  shop-driven  or  field-driven,  that  may  be  loosened 
during  erection  and  riveting. 

Prevent  injury  to  metal  while  removing  rivets. 

(18)  Present  to  the  contractor  at  once  for  his  attention  any  violation  of  the  specifications 
or  contract,  and  secure  a  correction  or  refer  the  matter  to  the  proper  authorities  as  soon  as  possible. 

{19)  Keep  informed  concerning  the  use  of  Company  material  and  work  trains  and  assist 
in  procuring  such  material  and  trains  when  needed,  and  preserve  a  record  thereof. 

(20)  Secure  a  match-marking  diagram  of  any  old  structure  to  be  removed  and  see  that  each 
part  of  such  structure  is  property  marked  in  accordance  therewith.  Make  a  record  of  the  manner 
of  cutting  the  old  structure  apart  and  report  any  damage  to  the  members  oit  the  old  st — '■■" 
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Indicate  by  ^etchet  or  otlierwue  such  repairs  or  replacement  as  will  tie  found  necessary  L 
erection. 

(31)  Secure  photographic  recorda  of  progreaa  and  the  important  features  of  the  work  wheit- 
ever  practicable. 

(az)  Make  a  record  of  flagging  of  trains,  whether  performed  for  the  benefit  of  the  Contractor 
or  otherwise,  delays  to  traina,  personal  injuries,  and  accidents  of  every  kind. 

(23)  Make  reports  as  directed,  showing  the  progress  of  the  work,  the  mze  of  the  fowce  and 

Make  a  final  report  showing  the  cost  of  labor  of  erection  per  ton  of  material  erected,  th« 
cost  of  labor  per  rivet  in  riveting,  the  cost  of  correcting  errors  in  design  and  fabrication  and  com- 
menting on  the  design  and  details;  and  give  such  other  informatioa  as  may  be  useful  in  planninE 
similar  work. 
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CHAPTER  XV. 
Enginebking  Materials. 

IRON  AITD  STEBL. — ^The  following  definitions  were  adopted  by  the  Conunittee  on  the 
nifortn  Nomenclature  of  Iron  and  Steel  of  the  International  Association  for  Testing  Materials, 
•ptcmber,  1 906. 

Cast  Iron. — Iron  containing  so  much  carbon  or  its  eouivalent  that  it  is  not  malleable  at  any 
mperature.  The  committee  recommends  drawing  the  line  between  cast  iron  and  steel  at  3.30 
sr  cent  carbon. 

Pig  Iron. — Cast  iron  which  has  been  cast  into  piga  direct  from  the  blast  furnace. 

Bessemer  Pig  Inm. — Iron  which  contains  so  little  phosphorus  and  sulphur  that  it  can  be  used 
IT  conversion  into  steel  by  the  original  or  acid  Bessemer  process  {restricts  to  p^  iron  containing 
Dt  more  than  0,10  per  cent  of  phosphorus). 

Basic  Pig  Iron. — Pig  iron  containing  bo  little  wlicon  and  sulphur  that  it  is  suited  for  easy 
anversion  into  steel  by  the  basic  open-hearth  process  (restricted  to  pig  iron  containing  not  more 
lan  1 .00  per  cent  of  silicon). 

Grmy  Pig  Iron  and  Gray  Cast  Iron. — Pig  iron  and  cast  iron  in  the  fracture  of  which  the  iron 
self  is  nearly  or  quite  concealed  by  graphite,  so  that  the  fracture  has  the  gray  color  of  rraphite. 

WUte  Pig  Iron  and  White  CaA  Iron. — Pig  iron  and  cast  iron  in  the  fracture  of  which  little 
r  no  graphite  is  visible,  so  tliat  the  fracture  is  silvery  and  white. 

BokUMblo  Castings.^-Castings  made  from  iron  which  when  first  made  is  in  the  condition  of 
ast  iron,  and  is  made  malleable  by  subsequent  treatment  without  fusion. 

Malleable  Pig  Iran. — An  American  trade  name  for  the  pig  iron  suitable  for  converting  into 
lalleable  castings  through  the  process  of  melting,  treating  when  molten,  casting  in  a  brittle  state, 
nd  then  making  malleable  without  remelting. 

Wrought  Ircm. — Slag-bearing,  malleable  iron,  which  does  not  harden  materially  when  suddenly 

St««L — Iron  which  is  malleable  at  least  in  some  one  range  of  temperature  and  in  addition  is 
ither  (a)  cast  into  an  initially  malleable  mass;  or,  (b)  is  capable  of  hardenii^  greatly  by  sudden 
doling;  or,  (c)  is  both  so  cast  and  so  capable  of  hardening. 

Op«n-llMtrth  Steel. — Steel  made  by  the  open-hearth  process,  irrespective  of  carbon  content. 

Bessemer  SteeL — Steel  made  by  the  Bessemer  process,  irrespective  of  carbon  content. 

Blister  SteeL — Steel  made  by  carburizii^  wrought  iron  by  heating  it  in  contact  with  car- 


Crucible  Steel. — Steel  made  by  the  crucible  process,  irrespective  of  carbon  content. 

Steel  Castings. — Unforged  and  unrolled  castings  made  of  Bessemer,  open-hearth,  crudble 
r  anv  other  steeL 

AHot  Steels. — Steels  which  owe  their  properties  chiefly  to  the  presence  of  an  element  other 
han  carbon. 

Ctawtftc«tioa  of  Icon  and  SteeL — The  limits  of  carbon,  the  specific  gravity  and  properties 
if  iron  and  steel  are  as  follows; 

hi  cent  o(  CutKm.  SpedSc  GfBvltr.  Properties. 

;;aBt  Iron  5       to  1.50  7.2  Not  malleable,  not  temperable 

steel  1.50  to  O.io  7.8  Malleable  and  temperable 

Wrought  Iron  0.30  to  0.05  7.7  Malleable,  not  temperable 

It  will  be  eeen  that  the  percentage  of  carbon  alone  is  not  sufficient  to  distinguish  between  stee! 
and  wrought  iron.  The  softer  grades  of  steel  resemble  wrought  iron.  Very  mild  open-hearth 
tteel  is  often  sold  under  the  trade  name  of  "  Ingot  Iron,"  and  is  reputed  to  have  many  advantages 
over  structural  steel,  most  of  which  properties  it  does  not  possess  amoi^  which  is  its  ability  to  resist 
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CAST  IRON. — The  product  of  the  blast  furnace,  where  the  iron  ore  is  reduced  in  the  prcseif 
of  a  flux,  is  called  pig  iron.  The  term  cast  iron  is  commonly  applied  to  pig  iron  after  it  bai  bei: 
again  melted  and  cast  into  finished  form.  Cast  iron  contains  carbon,  wlicon,  sulphur,  phosphors 
and  manganese  in  addition  to  pure  iron,  and  occasionally  very  small  quantities  of.  other  elemecii 
The  amount  of  carbon  depends  largely  upon  the  presence  of  other  elements. 

Carbon, — The  percental  of  carbon  ordinarily  varies  between  li  and  4  per  cent,  but  in  tb 
presence  of  manganese  the  carbon  may  be  much  higher.  Carbon  may  occur  in  the  form  of  com- 
bined carbon,  giving  a  white  brittle  cast  iron,  or  in  the  form  of  graphite,  giving  a  gray  cast  ma. 
which  is  the  form  used  in  structural  castings.  The  proper  amount  of  carbon  in  cast  iron  depenLi 
upon  the  amount  of  other  impurities  and  upon  the  use  that  is  to  be  made  of  the  finished  produ:;. 

Silicon. — The  carbon  is  controlled  by  varying  the  amount  of  silicon  and  sulphur.  Slio< 
acts  as  a  precipitant  of  carbon,  changing  it  from  the  combined  form  to  the  graphite  ionzL.  Thii 
silicon  in  gray  cast  iron  is  usually  between  1  and  3  per  cent. 

Sulphur. — Sulphur  has  the  opposite  effect  of  Mlicon  and  its  presence  is  considered  objection- 
able. Sulphur  produces  "  red-shortness  "  (brittleness  when  the  iron  is  heated).  The  amount  <i 
sulphur  in  gray-iron  castings  should  not  exceed  O.n  percent. 

Manganest. — Manganese  and  sulphur  both  tend  to  increase  the  amount  of  combined  carboi. 
but  they  tend  to  neutralize  each  other.  Mai^anese  gives  closeness  of  grain  and  prevents  ilx 
absorption  of  sulphur  on  reroelting.  The  amount  of  manganese  in  gray-iron  castings  is  usuallt 
less  than  i  per  cent;  more  than  a  per  cent  makes  cast  iron  brittle, 

Phosphoms. — Phosphorus  increases  the  fusibility  and  fluidity  of  cast  iron  but  at  the  same 
time  makes  it  brittle.  A  high  phosphorus  content  is  necessary  in  cast  iron  for  light  ornamenlil 
castings  where  strength  is  not  required.     The  phosphorus  in  gray-iron  castii^s  varies  from  }  U 

HallMUe  Cutingi. — Small  thin  castings  made  of  white  cast  iron  may  be  decarbonized  ire 
heating  the  castings  in  annealing  pots  containing  hematite  ore  or  forge  iron  scale.  The  casiinci 
arekept  at  acherryredheat  for  three  to  four  days,  and  are  then  allowed  to  cool  slowly.  The  metal 
in  malleable  castings  should  not  exceed  i  in.  in  thickness  in  small  castings,  nor  1  in.  in  lar^ 
castings,  and  should  be  of  unilorm  thickness.  I 

Strength  of  Cast  Iron. — The  strei^ths  of  gray-iron  castings  arc  given  in  Table  I  and  in  the- 
Specifications  for  Gray-iron  Castings  of  the  American  Society  for  Testing  Materials. 


STANDARD  SPECIFICATIONS  Ft)R  GRAV-IRON  CASTINGS 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  Septeubeb  i,  1905. 
I.  Process  of  Hanofacture.     Unless  furnace  iron  is  specified,  all  gray  castii^  are  understood 
to  be  made  by  the  cupola  process. 

3.  Chemical  PropertieB.    The  sulphur  contents  to  be  as  follows: 

Light  castings not  over  0.08  per  cent 

Medium  castings "         O.io       " 

Heavy  castings "         O.I2        " 

iCIassiflcatton.    In  dividing  castings  into  light,  medium  and  heavy  classes,  the  followii^ 
rds  have  been  adopted: 
Castings  having  any  section  less  than  i  in.  thick  shall  be  Icnown  as  ligiU  easHngs. 
Castings  in  which  no  section  is  less  than  2  in.  thick  shall  be  known  as  heavy  casHnzs. 
Medium  castings  are  those  not  included  in  the  above  classification. 

4.  Physical  Properties.     Transverse  Test.     The  minimum  breaking  strength  of  the  "  Artn- 
tration  Bar  "  under  transverse  load  shall  be  not  under: 

Light  castings 2,500  lb. 

Medium  castings 2,900  " 

Heavy  castings 3,300  " 

In  no  case  shall  the  deflection  be  under  o.io  in. 
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TtHsile  Test.    Where  spedGed,  this  ahall  not  run  less  than: 

Light  castings iS,ooo  lb.  per  sq.  in. 

Medium  castings ai,ooo  "    "      " 

Heavy  castings 34,000  "    "      " 

5.  Arbitration  Bar.  The  quality  of  the  iron  going  into  castings  under  specification  shall  be 
determined  by  means  of  the  "  Arbitration  Bar."  This  is  a  bar  1}  in.  in  diameter  and  15  in.  long. 
It  shall  be  prepared  as  stated  further  on  and  tested  transveracly.  The  tensile  test  is  not  recom- 
mended, but  in  case  it  is  called  for,  the  bar  as  shown  in  Fig.  i,  and  turned  up  from  any  of  the  broken 
pieces  of  the  transverse  test  shall  be  used.     The  expense  of  the  tensile  test  shall  fall  on  the  pur- 

6.  Number  of  Test  Ban.  Two  sets  of  two  t>ars  shall  be  cast  from  each  heat,  one  set  from  the 
6rst  and  the  other  set  from  the  last  iron  going  into  the  castings.  Where  the  heat  exceeds  twenty 
tons,  an  additional  set  of  two  bars  shall  M  cast  for  each  twenty  tons  or  fraction  thereof  above  this 
amount.  In  case  of  a  chaise  of  mixture  durii^the  heat,  one  set  of  two  bars  shall  also  be  cast 
for  every  mixture  other  than  the  reeular  one.  Each  set  of  two  bars  is  to  go  into  a  single  mold. 
The  bars  shall  not  be  rumbled  or  otherwise  treated,  being  simply  brushed  off  before  testing. 


Fig.  I. — .Arbitration  Test  Bar.    Tensile  Test  Piece, 

7.  Hettiod  <rf  Tettlng.  The  transverac  test  shall  be  made  on  all  the  bars  cast,  with  supports 
13  in.  apart,  load  applied  at  the  middle,  and  the  deflection  at  rupture  noted.  One  bar  of  every 
two  of  each  set  made  must  fulfil  the  requirements  to  permit  acceptance  of  the  castings  represented. 

8.  Hold  for  Test  Bar.  The  mold  for  the  bars  ts  shown  in  Fig.  2.  The  bottom  of  the  bar  is 
-ft  in.  smaller  in  diameter  than  the  top,  to  allow  for  draft  and  for  the  strain  of  pouring.  The 
pattern  shall  not  be  rapped  before  withdrawing.  The  flask  is  to  be  rammed  up  with  green  molding 
sand,  a  little  damper  than  usual,  well  mixed  and  put  through  a  No.  8  sieve,  with  a  mixture  of  one 
to  twelve  bituminous  facing.  The  mold  shall  be  rammed  evenly  and  fairly  hard,  thoroughly  dried 
and  not  cast  until  it  is  cold.  The  test  bar  shall  not  be  removed  from  the  mold  until  coTd  enough 
to  be  handled. 

9.  Speed  of  Testing.  The  rate  of  application  of  the  load  shall  be  from  30  to  40  seconds  for  a 
deflection  of  o.io  in. 

10.  SompleB  (or  Analysis.  Borings  from  the  broken  pieces  of  the  "  Arbitration  Bar  "  shall 
be  used  for  the  sulphur  determinations.  One  determination  for  each  mold  made  shall  be 
required.  In  case  of  dispute,  the  standards  of  the  American  Foundrymen's  Association  shall  be 
used  for  comparison. 

11.  Finish.  Castings  shall  be  true  to  pattern,  free  from  cracks,  flaws  and  excessive  shrinkage. 
In  other  respects  they  shall  conform  to  whatever  points  may  be  specially  agreed  upon. 

13,  Inspection.  The  inspector  shall  have  reasonable  facilities  afforded  him  by  the  manu- 
facturer to  satisfy  him  that  the  finished  material  is  furnished  in  accordance  with  these  specifications. 
All  tests  and  inspections  shall,  as  far  as  possible,  be  made  at  the  place  of  manufacture  prior  ti> 
shipment. 

WROUGHT  IRON. — Wrought  iron  is  made  in  a  reverberatory  furnace  from  pig  iron  or  from 
molten  metal  taken  directly  from  the  blast  furnace.  The  hearth  of  the  reverberatory  furnace  is 
fettled  with  high  grade  iron  ore  or  mil!  scale,  which  acts  as  an  oxidiiing  agent  for  reducing  the 
impurities.  The  puddling  process  may  be  divided  into  four  stages:  First  or  melting  down  stage, 
occupying  about  30  minutes,  during  which  the  silicon  and  manganese  are  oxidized  and  a  consider- 
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able  part  of  the  phosphorus  is  oxidized;  all  oxidized  products  unite  with  the  a\ag.  Second  or 
clearing  stage,  occupying  about  lo  minutea,  during  which  the  remainder  of  the  ulicon  and  manga- 
nese, and  more  of  the  phosphorua  are  oxidized  and  removed  from  the  pig  iron.  Third  or  boilinf 
stage,  occupying  about  Jo  minutea,  in  which  nearly  all  the  carbon  is  removed  and  most  of  the 
remaining  phosphorua  is  removed.  Last  or  balling  stage,  occupying  about  ao  minutea,  in  whid 
the  metal  is  gathered  by  the  puddler  into  balls  weighing  about  75  to  lOO  lb.  j 


Fig.  : 


— McHJ)  FOR  Arbitkation  Test  Bar. 


The  puddled  balls  of  iron  and  slag  are  hammered  or  are  run  through  rolls  to  squeese  the  slag 
from  the  balls,  and  the  resulting  bars  are  called  muck  bars.  The  muck  bar  is  again  reheated  and 
rerolled  and  the  resulting  product  is  commercial  merchant  bar. 

Wrought  iron  when  brolcen  in  tension  shows  a  fractured  section  irrcEular  and  fibrous.  The 
strength  of  wrought  iron  varies  with  the  chemical  composition,  the  mechanical  woric  and  heat 
treatment  it  has  received.  The  strength  of  wrought  iron  is  given  in  Table  I,  and  the  specifications 
for  wrought-iron  bars  and  plates  as  adopted  by  the  American  Society  for  Testing  Materials  an 
as  follows:  I 
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STANDARD  SPECIFICATIONS  FOR  REFINED  WROUGHT-iRON  BARS 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
AlWPTED  August  as,  1913. 
I.    MANUFACTURE. 
I.  Pii>cess.    Refined  wrou^bt-tron  bars  shall  be  made  wholly  from  puddled  iron,  and  may 
sist  either  of  new  muck-bar  iron  or  a  mbcture  of  muclc-bar  iron  and  scrap,  but  shall  be  free 
D  any  admixture  of  steel. 

II.    PHYSICAL  PROPERTIES  AND  TESTS. 
3.  Tensiao  Tests,     (a)  The  iron  shall  conform  to  the  following  minimum  requirements  as 
en^le  properties ; 

Tensile  stretch,  lb.  per  sq.  in 48,000 

(See  Sections  3  and  4.) 

Yield  point,  lb.  ^r  sq.  in. 35,000 

Elongation  in  8  in.,  per  cent 33 

(See  Section  5.) 
(b)  The  yield  point  shall  be  determined  by  tbe  drop  of  the  beam  of  the  testing  machine. 
:  speed  of  the  cross-head  of  the  machine  shall  not  exc^d  l)  in.  per  minute. 

3.  Pennisatble  VaritttionB  in  Tensile  Strength.  Twenty  per  cent  of  the  test  specimens  re- 
senting one  size  may  show  tensile  strengths  1000  lb.  per  sq.  in.  under  or  5000  lb.  per  sq.  in.  over 
t  specified  in  Section  3;  but  no  specimen  shall  show  a  tensile  strength  under  45,000  lb.  per  sq.  in. 

4.  UodificationB  in  Tensile  Strangtli.  For  flat  bars  which  have  to  be  reduced  in  width,  a 
luction  of  1000  lb.  per  sq.  in.  from  the  tensile  stretch  specified  in  Sections  3  and  3  shall  be 
de. 

5,.  PenniBslble  VuiatiMM  In  Elonektton.  Twenty  per  cent  of  the  test  specimens  representing 
;  size  may  show  the  following  percentages  of  eloi^ation  in  8  in.; 

Round  Bams. 

i  in.  or  over,  tested  as  rolled 30  per  cent 

Under  J  in.,       "       "      "     16      " 

Reduced  by  machining 18      " 

Flat  Bars. 

tin.  or  over,  tested  as  rolled 18  per  cent 
nder  { in.,       "      "      "     16      " 

Reduced  by  machining 16       " 

6.  B«nd  Tettt.  (a)  Cold-btnd  Ttsts. — Cold-bend  tests  will  be  made  only  on  bars  having  a 
tnlnal  area  of  4  sq.  in.  or  under,  in  which  case  the  test  specimen  shall  bend  cold  through  180  deg. 
:houC  fracture  on  the  outside  of  the  bent  portion,  around  a  pin  the  diameter  of  which  is  equal 
twice  the  diameter  or  thickness  of  the  specimen. 

|6)  Hot-bend  Tests. — The  test  specimen,  when  heated  to  a  temperature  between  1700°  and 
M°F.,  shall  bend  through  180  deg.  without  fracture  on  the  outside  of  the  bent  portion,  as  follows; 
r  round  bars  under  a  sq.  in.  in  section,  flat  on  itself;  for  round  bars  2  sq.  in,  or  over  in  section 
''  for  all  flat  bars,  around  a  pin  the  diameter  of  which  is  equal  to  the  diameter  or  thickness  of 

anedmen. 

\c)   Nick-bend  Tests. — The  test  specimen,  when  nicked  35  per  cent  around  for  round  bars, 

along  one  side  for  flat  bars,  with  a  tool  having  a  60-deg.  cutting  edge,  to  a  depth  of  not  less 
a  8  nor  more  than  16  per  cent  of  the  diameter  or  thickness  of  the  s^imen,  and  broken,  shall 

show  more  than  10  per  cent  of  the  fractured  surface  to  be  crystalline. 

(d)  Bend  tests  may  be  made  by  pressure  or  by  blows. 

1  vr-hT.M.*    T*! . —  of  thetestspecimenshall  be  ground  or  polished,  and  etched 

— L —      -rg^  jgg|.  gjjgj]  fljij,^  fhc  mateHal  to  be  tree  from 

*A  solution  of  two  parts  water,  one  part  concentrated  hydrochloric  acid,  and  one  part  con- 
ntrated  sulphuric  add  is  recommeiided  for  the  etch  test.  _^ 

«1  D,g,l,zeoDyCot)g[c 
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S.  Twt  ^Mdmens.    (a)  Tension  and  bend  test  specimens  Bhall  be  of  the  full  sec 

material  as  rolled,  if  possible.  Otherwise,  the  specimens  shall  be  machined  from  the  r 
as  rolled;  the  axis  of  the  specimen  shall  be  located  at  any  point  one-half  the  distance  froiL' 
center  to  the  surface  of  round  bars,  or  from  the  center  to  the  edge  of  fiat  bare,  and  shall  be  pan! 
to  the  axis  of  the  bar. 

(b)  Etch  test  specimens  shall  be  of  the  full  section  of  material  as  rolled. 

9.  Nninber  of  Teats,  (a)  All  bars  of  one  size  shall  be  piled  separately.  One  bar  from  n 
100  or  fraction  thereof  will  be  selected  at  random  and  teat«t  as  specified. 

(6)  If  any  test  specimen  from  the  bar  originally  selected  to  represent  a  lot  of  material,  conti 
surfax:e  defects  not  visible  before  testing  but  visible  after  testing,  or  if  a  tension  test  specii 
br^iks  outside  the  middle  third  of  the  gage  length,  one  retest  from  a  different  bar  will  be  allo<^ 

in.    PERMISSIBLE  VARIATIONS  IN  GAGE. 

10.  PonnlBBlbleVaTiatioilS.  (a)  Round  bars  shall  conform  to  the  standard  limit  g&gesadop 
by  the  Master  Car  Builders'  Association  in  1883. 

(b)  The  width  or  thickness  of  Hat  bars  shall  not  vary  more  than  a  per  cent  from  that  spedu 

rV.    FINISH. 

11.  Finish.  The  bars  shall  be  smoothly  rolled  and  free  from  slivers,  depressioas,  ku 
crop  ends,  and  evidences  of  being  burnt. 

V.     INSPECTION  AND  REJECTION. 

13.  InspMtioa.  (a)  The  inspector  representing  the  purchaser  shall  hav«  free  entry,  i 
times  while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  m. 
facturer's  works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacisi 
shall  afford  the  inspector,  free  of  coat,  all  reasonable  facilities  to  satisfy  him  that  the  material 
being  furnished  in  accordance  with  these  specifications.  Tests  and  mspection  at  the  plan 
manufacture  shall  be  made  prior  to  shipment.  j 

(6)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection  of  material  i 
his  own  laboratory  or  elsewhere.     Such  tests,  however,  shall  be  maide  at  the  expense  of  the  purchait 

13.  Rejection.  All  bars  of  one  size  will  be  rejected  if  the  test  specimens  representing  lb> 
nze  do  not  conform  to  the  requirements  specified. 


STANDARD  SPECIFICATIONS  FOR  WROUGHT-IRON  PLATES 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 

Adopted  August  25,  1913. 

I.  Classes.    These  specifications  cnvcr  two  classes  of  wrought-iron  platea,  nantely:  ' 

Class  A,  as  defined  in  Section  3  (6); 
Class  B,  as  defined  in  Section  3  (c). 

I.     MANUFACTURE, 
a.  Process,     (a)  All  plates  shall  be  rolled  from  piles  entirely  free  from  any  admixture  of  sled 
(6)   RIes  for  Class  A  plates  shall  be  made  from  puddle  bars  made  wholly  from  pig  troo  as 

such  scrap  as  emanates  from  rolling  the  plates. 

(c)   Piles  for  C1as.'<  B  plates  shall  be  made  from  puddle  bars  made  wholly  from  pig  iron  o 

from  a  mixture  of  pig  iron  and  cast-iron  scrap,  together  with  wrought-iron  scrap. 

II.    PHYSICAL  PROPERTIES  AND  TESTS. 

3.  Tendon  Teitt.     The  plates  shall  conform  to  the  following  minimum  icqiurements  as  I 
tensile  properties; 
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CtASsA. 

CijtssB.                    I 

Pn>[«tiH  Cotuldered. 

6  Id.  to  >4  1°- 
Ind.. 

InWdth. 

Ov.r>4lii. 

toooln.,  Ind., 
toWdth. 

«ln.to>4ln.. 

Ind.. 
In  Width. 

"'^  width.  " 

49.000 

16,000 

■6 

48,000 
26,000 

4g,ooo 

26.000 
14 

47.a» 
26,000 

4.  Ho£flcatl<HU  in  Elongatloti.  For  plates  under  A  in.  in  thickness,  a  deduction  of  I  from 
percentages  of  elongation  specified  in  Section  3  shall  be  made  for  each  decrease  of  iV  in.  in 

:kness  below  A  in. 

5.  B«nd  Tests,  (a)  Cold-bend  Tests. — The  test  specimen  shatt  bend  cold  through  90  de^. 
hout  fracture  on  the  outside  of  the  bent  portion,  as  follows:  For  Class  A  plates,  around  a  pin 

diameter  of  which  is  equal  to  li  times  the  thickness  of  the  specimen;  and  for  Class  B  plates, 
und  a  pin  the  diameter  of  which  is  equal  to  3  times  the  thickness  of  the  specimen. 
(b)    Nick-bend  Tests. — The  test  specimen,  when  nicked  on  one  side  and  broken,  shall  show , 
Class  A  plates  a  wholly  fibrous  fracture,  and  for  Class  B  plates,  not  more  than  10  per  cent  of 
fractured  surface  to  be  crystalline. 

6.  Test  Specimens.  Tendon  and  bend  test  specimens  shall  be  taken  from  the  finished  plates 
I  shall  be  of  the  full  thickness  of  plates  as  rolled.  The  longitudinal  axis  of  the  specimen  shall 
parallel  to  the  direction  in  which  the  plates  are  rolled. 

7.  number  of  Tests,  (a)  One  tension,  one  cold-bend  and  one  nick-bend  test  shall  be  made 
each  variation  in  thickness  of  j  in.  and  not  less  than  one  test  for  eveir  ten  plates  as  rolled. 

(i)  If  any  test  specimen  tails  to  conform  to  the  requirements  specified  through  an  apparent 
al  defect,  a  retest  shall  be  taken;  and  should  the  retest  fail,  the  plates  represented  by  such  test 
il  be  rejected. 

III.    FINISH. 

S.  Hniali.  The  plates  shall  be  straight,  smooth  and  free  from  cinder  spots  and  holes,  and 
e  from  injurious  daws,  buckles,  blisters,  seams  and  laminations. 

IV.     INSPECTION  AND   REJECTION. 

9.  Inspectim.  (a)  The  inspector  representing  the  purchaser  shall  have  free  entry  at  all 
les  while  work  on  the  contract  of  the  purchaser  ia  being  performed,  to  all  parts  of  the  manu- 
■turer's  works  which  concern  the  manufacture  of  the  plates  ordered  The  manufacturer  shall 
ord  the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  plates  are  being 
rnished  in  accordance  with  these  specifications.  Tests  and  inspection  at  the  place  of  manu- 
!ture  shall  be  made  prior  to  shipment. 

(A)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection  of  plates  at  his 
m  laboratory  or  elsewhere.    Such  tests,  however,  shall  be  made  at  the  expense  of  the  purchaser. 

STEEL. — The  three  principal  methods  for  the  manufacture  of  steel  are  (1)  the  crucible 
occss,  (a)  the  Bessemer  process,  and  (3)  the  open-hearth  process.  The  crucible  process  is  used 
r  making  toot  steel.  The  Bessemer  process  is  used  for  making  structural  steel,  but  on  account 
its  requiring  a  high  grade  ore  for  a  satisfactory  steel,  and  the  difficulty  of  control,  it  is  now 
actically  replaced  by  the  open-hearth  process.  The  following  description  of  the  methods  of 
inufacture  of  steel  is  taken  from  Kent's  "  Mechanical  Engineer's  Pocket-Book,"  page  451,  8th 
iition,  1910. 

Tlie  Hannfnctufe  of  Steel. — Cast  steel  is  a  malleable  alloy  of  iron,  cast  from  a  fluid  mass. 
is  distinguished  from  cast  iron,  which  is  not  malleable,  by  being  much  lower  in  carbon,  and  from 
wu^ht  iron,  which  is  welded  from  a  pasty  mass,  by  being  free  from  intermingled  slag.  Blister 
fel  IS  a  highly  carbonized  wrought  iron,  made  by  the  "  cementation  "  process,  which  consists 
keeping  wrought-iron  bars  at  a  red  heat  for  some  days  in  contact  with  charcoal.  Not  over  3 
ncentofC  is  usually  absorbed.  The  surface  of  the  iron  is  covered  with  small  blisters,  supposedly 
'e  til  the  action  of  carbon  on  slag.  Other  wrought  steels  were  formerly  made  by  direct  processes 
Dm  iron  ore,  and  by  the  puddling  process  from  wrought  iron,  but  these  steels  are  now  replaced 
i  cast  steels.  Blister  steel  is,  however,  still  used  as  a  raw  material  in  the  manufacture  of  crucible 
fx].    Case-hardening  is  a  process  of  surface  cementation.  -,  , 
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Crucible  Sted  it  commonty  made  in  pota  or  crudblee  holding;  about  60  pounds  of  mflj 
The  raw  material  may  be  steel  scrap;  blister  steel  bars;  wrought  iron  with  charcoal;  cast  iron  vi 
wrought  iroa  or  with  iron  ore;  or  any  mixture  that  will  produce  a  metal  having  the  desired  chemi 
constitution.  Manganese  in  some  form  is  usually  added  to  prevent  oxidation  of  the  iroo.  Sn 
silicon  is  usually  absorbed  from  the  crucible,  and  carbon  also  if  the  crucible  is  made  of  grapii 
and  clay.  The  crucible  being  covered,  the  steel  is  not  affected  by  the  oxygen  or  sulphur  in  1 
flame  The  quality  of  crucible  steel  depends  on  the  freedom  from  objectionable  elements,  suA 
phosphorus,  in  the  mixture,  on  the  complete  removal  of  oxide,  slag  and  blowholes  by  "'  d« 
meltmg  "  or  "  killing  "  before  pouring,  and  on  the  kind  and  quantity  of  different  elements  wbi 
are  added  in  the  mixture,  or  after  melting,  to  give  particular  qualities  to  the  steel,  such  as  carta 
manganese,  chromium,  tungsten  and  vanadium. 

Bessemer  Sleel  is  made  by  blowing  air  through  a  bath  of  melted  pig  iron.  The  oxygCB 
the  air  first  bums  away  the  silicon,  then  the  carbon,  and  before  the  carbon  is  entirely  burned  a»i 
begins  to  bum  the  iron.  Spiegelcisen  or  ferro- manganese  is  then  added  to  deoxidize  the  nw 
and  to  give  it  the  amount  o(  carbon  desired  in  the  finished  steel.  In  the  ordinary  or  "  aoi 
Bessemer  process  the  lining  of  the  converter  is  a  silicious  material,  which  lias  no  eScd  on  ph 
phorus,  and  all  the  phosphorus  in  the  pig  iron  remains  in  the  steel.  In  the  "  ba^c  "  or  Thun 
and  Gilchrist  process  the  lining  is  of  magnesian  limestone,  and  limestone  additions  are  made  to  I 
l»th.  so  as  to  keep  the  slag  basic;  and  the  phosphorus  enters  the  slag.  By  this  process  ores  il 
were  formerly  unsuited  to  the  manufacture  of  steel  have  been  made  available. 

Open-hearth  Steel. — Any  mixture  that  may  be  used  for  making  steel  in  a  crucible  ma\'  A 
be  melted  on  the  open  he^irth  of  a  Siemens  regenerative  furnace,  and  may  be  desiliconizod  1 
decarbonized  by  the  action  of  the  flame  and  by  additions  of  iron  ore,  deoxidized  by  the  addiii 
of  spiegeleisen  or  ferro- manganese,  and  recarbonLced  by  the  same  additions  or  by  pig  iron.  \ni 
most  common  form  of  the  process  pig  iron  and  scrap  steel  are  melted  tt^ether  on  the  hearth,  a 
after  the  manganese  has  been  added  to  the  bath  it  is  tapped  into  the  ladle.  In  the  Talbot  prcxi 
a  targe  bath  of  melted  materia!  is  kept  in  the  furnace,  melted  pig  iron,  taken  from  a  blast  funui 
is  added  to  it,  and  iron  ore  is  added  which  contributes  its  iron  to  the  melted  metal  while  its  oxy| 
decarbonizes  the  pig  iron.  When  the  decarbonization  has  proceeded  far  enough,  ferro-mangan 
is  added  to  destroy  iron  oxide,  and  a  portion  of  the  metal  is  tapped  out,  leaving  the  remaindcf 
receive  another  charge  of  pig  iron,  and  thus  the  process  is  continued  indefinitely.  In  the  DuiJ 
pr:icess  melted  cast  iron  is  desihconized  in  a  Bessemer  converter,  and  then  run  into  an  of 
hearth,  wfiere  the  steel-making  operation  is  finished. 

The  open-hearth  process,  like  the  Bessemer,  may  be  either  acid  or  basic,  according  10 1 
character  of  the  lining.  The  tiasic  process  is  a  dephosphorizing  one,  and  is  the  one  moct  genera 
available,  as  it  can  use  pig  irons  that  are  either  low  or  high  in  phosphorus. 

Strength  of  Steel. — The  properties  most  desired  in  steel  are  strength  and  ductility.  Pi 
iron  has  a  tensile  strength  of  about  40,000  lb.  per  sq.  in.  and  is  very  ductile.  This  strei^li 
usually  increased  by  the  impurities  found  in  steel. 

Carbon  is  the  important  impurity  as  it  gives  strength  with  the  least  decrease  in  duciilii 
Campbell  states  that  each  o.oi  per  cent  of  cartion  will  increase  the  strength  of  acid  open-ht^i 
steel  by  1000  lb.  per  sq.  in.,  and  of  basic  open-hearth  steel  by '770  lb.  per  sq.  in.  The  maxinH 
tensile  strej^h  of  steel  is  reached  with  0.9  to  i  ,0  per  cent  of  carbon. 

SilicoH  has  little  effect  on  the  strength  of  rolled  steel,  but  in  castings  0.3  to  0.4.  per  cent 
silicon  increases  the  tensile  strength  of  steel  castings  and  produces  soundness. 

Sviphur  has  little  effect  on  the  strength  of  open-beartb  steel,  but  it  produces  "  red-shortnrs 
and  produces  checks  and  cracics  during  the  rollii^  or  during  the  cooling  of  castings. 

Phosphorus  increases  the  static  strength  of  steel  about  1000  lb.  for  each  o.oi  per  cent 
phosphorus.  The  increase  in  strength  is  obtained  at  a  great  loss  in  ductility  and  produces  a  tu 
that  is  brittle  and  unreliable. 

Manganeie  when  atiave  0.3  to  0.4  per  cent  increases  the  tenstte  strength  (rf  steel.  T 
increase  in  strength  above  0.4  per  cent  is  about  300  lb.  per  sq.  in.  for  acid  open-hearth  and  1301 
per  sq.  in.  for  basic  open-hearth  steel  for  each  additional  o.oi  per  cent  of  manganese. 

From  the  above  discussion  it  will  be  seen  that  if  certain  physical  characteristics  are  requi>^ 
in  a  steel  the  manufacturer  must  be  left  free  to  vary  part  of  the  impurities.  For  examf^i'  if 
high  grade  structural  steel  with  an  ultimate  tensile  strength  of  60,000  lb.  per  sq.  in.  is  desred.  1I 
phosphorus  and  sulphur  may  be  limited  in  addition  to  the  prescribed  phyucal  limits  if  the  cart* 
is  left  open. 
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for  Tensile  Stnncdi. — Campbell  gives  the  following  fonnulas  for  the  atrenph  of 
acid  and  basic  open-bearth  ateels: 

For  add  sted.  Ultimate  nrengtb  -  40,000  +  1000  C  +  1000  P  +  X.Mn  +  R. 

For  basic  tteel,  Ultimate  Btrength  ■-  41 ,500  +  770  C  +  1000  P  +  X.Mn  +  R. 

In  these  formulas,  C  •■  0.01  per  cent  carbon,  P  =  0.01  phosphorus,  Mn  ~  o.oi  per  cent 
manganese  above  0.4  per  cent  for  acid  and  above  0.3  per  cent  for  basic  steel,  and  R  is  a  variable 
depending  upon  the  heat  treatment  of  the  steel.  The  coefEcient  of  Mn,  X,  varies  as  follows: 
For  acid  steel,  for  o.IO  per  cent  carbon,  X  =  80,  and  for  0.60  per  cent  carbon,  X  ™  480  and  pro- 
portional for  intermediate  values;  while  for  basic  steel,  for  0.05  per  cent  carbon,  X  ~  J 10,  and  (or 
0.40  per  cent  carbon,  X  =  350  and  proportional  for  intermediate  values. 

Special  Steels. — The  following  special  steels  have  been  used.  Nickel  is  used  as  an  alloy  for 
eCructural  and  other  kinds  of  steel,  the  specifications  for  structural  nickel  steel  of  the  American 
Society  for  Testing  Materials  require  that  there  be  not  less  than  3}  per  cent  of  nickel.  Chrome 
ilee! — carbon  steel  with  about 0.5  percent  chromium — was  used  in  the  Elads  bridge  in  1871.  Chro- 
mium is  now  used  in  combination  with  nickel,  making  Chromium-nickel  steel;  with  vanadium. 
making  Chromitim-votiadiitm  steel,  and  with  both  nickel  and  vanadium,  making  Chromitim- 
mckel-vanadium  steel.  Copper  steels  are  those  having  from  i  to  4  per  cent  of  copper,  carbon  being 
less  than  1  per  cent.  Mangatiese  steel  with  from  6  to  13  per  cent  manganese  is  very  tough  and 
malleable. 

Specifications  (or  Structtiral  Steel. — The  allowable  stresses  for  structural  steel  are  given  in 
Table  I  and  in  the  specifications  of  the  American  Society  for  Testing  Materials  which  follow. 

Allowable  Stresses  In  Steel  and  Iron. — The  allowable  stresses  for  steel  frame  mill  buildings  are 
given  in  the  "Specifications  for  Steel  Frame  Buildings,"  in  Chapter  I.  The  allowable  stresses 
for  steel  office  buildings  are  given  in  the  "Specifications  for  Steel  Office  Buildings,"  in  Chapter  II. 
The  allowable  stresses  for  steel  highway  bridges  are  given  in  the  "  Specifications  for  Steel  Highway 
Bridges,"  in  Chapter  III.  The  allowable  stresses  for  steel  railway  bridges  are  given  in  the  "Speci- 
fications for  Steel  Railway  Bridges,"  in  Chapter  IV.  The  allowable  stresses  in  steel  bins  are 
given  in  Chapter  Vllf,  p.  313.  The  allowable  stresses  for  steel  grain  bins  are  given  in  Chapter 
IX,  p.  326.  The  allowable  stresses  in  steel  head  frames  and  coal  tipples  are  given  in  the  "Speci- 
fications for  Steel  Head  Frames  and  Coal  Tipples.  Washers  and  Breakers,"  in  Chapter  X.  The 
allowable  stresses  in  steel  stand-pipes  and  elevated  tanks  are  given  in  the  "Specifications  for 
Elevated  Steel  Tanks  on  Towsrs  and  for  Stand-Pipes,"  in  Chapter  XI.  The  allowable  stresses 
for  the  steel  and  cast  iron  details  in  timber  bridges  are  the  same  as  for  steel  railway  bridges  given 
in  Chapter  IV.     The  allowable  stresses  in  steel  reinforcement  are  given  on  page  521. 

Nickel  Steel.— In  a  paper  entitled  "Nickel  Steel  for  Bridges"  by  Mr.  J.  A.  L.  Waddell,  in 
Trans.  Am.  Soc.  C.  E.,  Vol.  63,  June  1909,  the  allowable  unit  stress  in  lb.  per  sq.  in.  For  carbon 
steel  is  given  as  P  —  16,000  —  70  l/r,  and  for  nickel  steel  as  P  =  30,000  —  lao  l/r,  where  I  is.the 
length  and  r  is  the  corresponding  radius  of  gyration,  both  in  inches.  The  impact  coefficient 
adopted  by  Mr.  Waddell  is  given  on  page  161. 
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TABLE   I. 

Stkength  Propertiks  op  Structural  Steel  and  Iron — Auebican  Society  for  Testikc 

Materials,  Year  Book,  191 3. 


TauUc  Sticnith.  Lb.  Sq,  Id. 


Rivet  Steel 

BUILDINGS 

Structural  Steel. . 


Rivet  Steel 

SHIPS 

Structural  Steel. . 


Rivet  Steel 

BOILER  AND  RIVET  STEEL 

Flange  Steel 


Fireboi  Steel 

Boiler  Rivet  Steel.  , 


SS,<»ohS5,ooo 
48^000-58,000 
SS.ooo-6s.ooo 
48,000-58,000 
58,000-68,000 
55,ooo--6s,ooo 
55,000-65,000 
51,000-62,000 
4S.»»-SS,a» 

8s,ooo-roo,ooc 
95.000-1  io,ooc 


Eye-ban  and  rollers  (unannealed) 
Eye-bara  and  Ping  (annealed) 

Rivet  Steel 

BILLET-STEEL  REINFORCEMENT  BARS 


105,0. 


Plain  \ 


{Structural. . 
Hard 

r  Structural. . 


Cold  Twisted 

RAIL  STEEL  REINFORCEMENT  BARS 
Plain  


Deformed  and  Hot-twisted. . 
WROUGHT  IRON 

Refined  Bars , 

Pktes 

STEEL  CASTINGS 

Hard   

Medium   

Soft 

GRAY  IRON  CASTINGS 

Light  Castings 

Medium  Castings 

Heavy  Castings 

M.ALLEABLE  CASTINGS . . 


)  ultimate 
)  ultimate 
i  ultimate 
)  ultimate 
)  ultimate 
)  ultimate 
i  ultimate 
J  ultimate 
i  ultimate 

50,000 


1.SOO.000 

ultimate 

(not  greater  I 

'  1.500,000 

1.500,000 

ultimate 


I  ultimate 
\  ultimate 


STANDARD  SPECIFICATIONS  FOR  STRUCTURAL  STEEL  FOR  BUILDINGS 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25,  1913. 
I.    MANUFACTURE. 
(a)  Structural  steel,  except  as  noted  in  Paragraph  (b),  may  be  made  by  the 
angles  over  i  in.  in  thickness  which  are  to  be  punched, 


Bessemer  or  the  open-hearth  process. 

(6)  Rivet  steel,  and  steel  for  plates  01 
shall  be  made  by  the  open-hearth  process. 


II.    CHEMICAL  PROPERTIES  AND  TESTS. 

The  steel  shall  conform  to  the  foHowi:^  requirements  as  t 
RivBT  Steel. 


Sulphur 


SiBOcnmAL  Steel. 


3.  l«dla  Analyses.  An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 
phorus and  sulphur  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pourii^ 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  a. 

Check  AnalysM.     Analyses  may  be  made  by  the  purchaser  from  finished  r 
g  each  melt,  in  wb'  ' 
shall  be  allowed. 


n  excess  of  25  percent  above  the  requirements  specified  in 


III.    PHYSICAL  PROPERTIES  AND  TESTS. 
5.  TensiOtt  Testa,     (a)  The  material  shall  conform  to  the  following  requirements  as  t( 
properties: 


structural  S«e1. 

Rlwt  Stwl. 

SS,000-6s,ooo 

0.$  tens.  itr. 

I,400,000» 

Tens.  »tr. 

2t 

48,000-58,000 

o.s  tena.  «tr. 
1,400.000 
Tens.  str. 

(6)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

6.  Hodificationa  in  Elongatioii.     (a)  For  structural  steel  over  {  in.  in  thickness,  a  deduction 
from  the  percentage  of  elongation  in  8  in.  specified  in  Section  5(11)  shall  be  made  for  each 

ease  of  i  in.  in  thickness  above  J  in. 
(6)  For  structural  steel  under  A  in.  in  thickness,  a  deduction  of  3.5  from  the  percentage  of 
elongation  in  8  in.  specified  in  Section  5(a)  shall  be  made  for  each  decrease  of  iV  in.  in  thickness 

7.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes  and  bars  shall  bend  cold  through 
180  deg.  without  cracking  on  the  outside  of  the  bent  portion,  aa  follows:  For  material  J  in.  or  under 
in  thickness,  flat  on  itself;  for  material  over  J  in.  to  and  including  li  in.  in  thickness,  around  a  pin 
the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for  material  over  ij  in.  in 
thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness  of  the  specimen. 

(J)  The  test  specimen  for  pins  and  roUere  shall  bend  cold  through  180  deg.  around  a  i-in. 
pin  without  cracking  on  the  outside  of  the  bent  portion. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  I 
cracking  on  the  outside  of  the  bent  portion. 

'  See  Section  6. 


;g.  flat  on  itself  without 
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8.  Test  Spedmens.  (a)  Tension  and  bend  test  ipecimene  shall  be  tal^n  from  the  fiaishcd 
rolled  or  forged  material,  and  shall  not  be  annealed  or  otherwise  treated,  eiccept  as  epeciCed  k 
Paragraph  (6), 

(6)  Tension  and  bead  test  specimens  for  material  which  is  to  be  annealed  or  otherwise  trcaltd 
before  use,  shall  be  cut  from  properly  annealed  or  similarly  treated  short  lengths  of  the  full  seciiMi 
of  the  piece. 

(c)  Tendon  and  bend  test  specimens  for  plates,  shapes  and  bars,  except  as  specified  in  Paia- 
giaph  (d),  shall  be  of  the  full  thickness  of  material  as  rolled;  and  may  be  machined  to  the  form  asd 
dimensions  shown  in  Fig.  i,  or  with  both  edges  parallel. 


"i, ,  / <'." 

^ 

..- ,^t^^^^- 

Fig.  3. 


((f)  Tension  and  bend  test  specimens  for  plates  and  bars  over  l}  in.  in  thicknesB  or 
may  be  machined  to  a  thickness  or  diameter  of  at  least  }  in.  for  a  length  of  at  least  9  in. 

(«)  The  axis  of  tension  and  bend  test  specimens  for  pins  and  rollers  shall  be  I  in.  from  the 
surface  and  parallel  to  the  axis  of  the  bar.     Tension  test  specimens  shall  be  of  the  form  and  di- 
is  shown  in  F^.  2.     Bend  test  specimens  shall  be  i  by  i  ir    ' 
"      "  ■ ' ;l  shall  be 


rolli 


led. 


Tension  and  bend  test  specimens  for  ri 


t  steel  si 


«  of  the  full- si 


,.  Number  tt  Tests,  (o)  One  tension  and  one  bend  teat  shall  be  made  from  each  mdt; 
except  that  if  material  from  one  raelt  differs  1  in.  or  more  in  thickness,  one  tension  and  one  bend 
test  shall  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

{b)  If  any  test  specimen  shows  defective  machining  or  develops  fiaws,  or  if  an  8-in.  tendon 
test  specimen  breaks  outside  the  middle  third  of  the  ntge  length,  or  if  a  3-in.  tension  test  specimea 
breal^  outside  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 

IV.    PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND  GAGE. 
10.  PermlaBibte  VariadcKU.     The  cross-section  or  weight  of  each  piece  of  steel  shall  not  vaiy 
more  than  a. 5  per  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  following  permissible  variations  to  apply  to  single  plates: 
(o)   When  Ordered  to  Weight.— For  plates  lai  lb.  per  sq.  ft.  or  over: 

Under  100  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 
100  in.  in  width  or  over,  5  per  cent  above  or  below  the  specified  weight. 
For  plates  under  12}  lb.  per  sq.  ft.: 

Under  75  in.  in  width,  a. 5  per  cent  above  or  below  the  specified  weight; 
75  to  100  in.,  exclusive,  in  width,  5  per  cent  above  or  3  per  cent  below  the  specified  we^fat; 
100  in.  in  width  or  over,  10  per  cent  above  or  3  per  cent  below  the  specified  wmght. 
(6)   When  Ordered  to  Gage. — The  thickness  of  each  plate  shall  not  vary  more  than  0.01  in. 
under  that  ordered. 

An  excess  over  the  nominal  weight  corresponding  to  the  dimenuons  on  the  order  shall  be 
allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cubic  inch  of  rolled 
steel  being  assumed  to  wdgh  0.2833  lb.: 
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-nicl™— 

NomiDal 

For  width  of  Plate  uIoOom:                                          | 

Or*r»l. 

"1£^°  1  ^tiS. 

"ch^^ 

""S" 

li^Ei^ 

■i^..'6ii' 

"«s.- 

if 

Overl 

i:p  til 

7.65  "  I0.» 
10.W) 
ia.7S 

10.40 

22.9S 

aj.so 

7 

' 

»-s 

17 

8 

? 

5 

4-S 

4 
3-S 

U 

10 
8 

1' 

S 

18 

t6 

13 

I 

6.S 

17 
IJ 

■0 

9 

V.    FINISH. 
II.  nnish.    The  finisbed  material  shall  be  free  from  injuriom  defect!  and  alutUliavc  a  work- 
manlike  finish. 

VI.     MARKING. 

la.  MarWng.  The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  legibly 
stamped  or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small  sections 
shall,  when  loaded  for  shipment,  be  properly  separated  and  marked  for  identification.  The 
identification  marks  shall  be  legibly  stamped  on  the  end  of  each  pin  and  roller.  Tlie  melt  number 
shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test  speamen. 

VII.     INSPECTION  AND  REJECTION. 

IJ.'InqMctlon.  The  inspector  representing  the  purchaser  ^lall  have  fiee  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  twing  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  afford 
the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
ia  accordance  with  these  specifications.  Ail  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

14.  Rejection,  (o)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  ac- 
cordance with  Section  4  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(A)  Material  which  shows  injurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

i^.  Reheaiuig.  Samples  tested  in  accordance  with  Section  4,  which  represent  rejected 
niatenal,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  tliat 
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AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 

Adopted  August  25.  1913. 

I.     MANUFACTURE. 

I.  Ste«l  Castiiin.    The  Standard  Specifications  for  Steel  Castings  adopted  by  the  American 

Society  for  Testing  Materials,  are  hereby  made  a  part  of  these  specifications,  and  shall  govern  the 

purchase  of  steel  castings  for  bridges.* 

3.  Procoas.    The  steel  shall  be  made  by  the  open-hearth  process. 

'  In  using  the  Standard  Specifications  for  Steel  Castings  for  the  purchase  of  castings  for  bridges. 
._  gp^^y  both  the  class  and  grade  o£  casting  desired. 
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II.    CHEMICAL  PROPERTIES  AND  TESTS. 

3,  Chemical  CompodtioiL  The  iteel  shall  conform  to  the  foUowic^  iiequirementB  aa  to 
chemical  composition : 

Stbuctvkal  Stebi.  RiviT  STEn.. 

™.      t         r  Acid not  over  0.06  not  over  0.04  per  cent. 

Sulphur "      "    005  "     "     0.04      " 

4.  Ladle  Analyses.  An  analysia  to  determine  the  percentages  of  carbon,  manganese,  phos- 
phorus and  sulphur  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  durjngthe  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analyss 
shall  conform  to  the  requirements  specified  in  Section  3.. 

5,  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from  finished  material  repre- 
senting each  melt,  in  which  case  an  excess  of  25  per  cent  above  the  requirements  specified  in 
Section  3  shall  be  allowed. 

in.    PHYSICAL  PROPERTIES  AND  TESTS. 

6.  Tendon  Tests,    (a)  The  material  shall  conform  to  the  following  requirements  aa  to  ten^ 


PiDpertiw  Conadered. 

Stnietural  Steel. 

Rivet  Steel. 

55,000-65,000 

1.500.000' 
Tens.  str. 

48,000-58,000 

0.5  tens.  str. 

i.socooo 

Teni.  itr. 

(6)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

7.  Uodiflcations  In  Elongation,  (a)  For  structural  steel  over  ]  in.  in  thickness,  a  deduction 
I  from  the  percentage  of  elongation  in  S  in.  specified  in  Section  6  (a),  shall  be  made  (or  eacb 
'rcase  of  i  in.  in  thickness  above  }  in. 

(6)  For  structural  steel  under  ft  in.  in  thickness,  a  deduction  of  2.5  from  the  percentage  of 
elongation  in  8  in.  specified  in  Section  6  (a),  shall  be  made  for  each  decrease  of  A  in.  in  thickne^ 
below  A  in- 

8.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes,  and  bars  shall  bend  cold  through 
180  dee.  without  cracking  on  the  outside  of  the  bent  portion,  as  follows;  For  material  J  in.  or  undw 
in  thickness,  flat  on  itself;  for  material  over  1  in.  to  and  including  1 J  in.  in  thickness,  around  a  pin 
the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for  material  over  [J  in.  in 
thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness  of  the  specimea, 

(b)  The  test  specimen  for  pins  and  rollers  shall  bend  cold  through  180  deg.  around  a  i-in, 
pin  without  cracking  on  the  outside  of  the  bent  portion. 

(e)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  deg.  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 

9.  Tests  of  Angles.  Angles  ]  in.  or  under  in  thickness  shall  open  Hat,  and  angles  )  tn.  or 
under  in  thickness  shall  bend  shut,  cold,  under  blows  of  a  hammer  without  cracking.  This  test 
shall  be  made  only  when  required  by  the  inspector. 

10.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished 
rolled  or  forged  material,  and  shall  not  be  annealed  or  otherwise  treated,  except  as  ^>ecified  in 
Paragraph  (6). 

(b)  Tension  and  bend  test  specimens  for  material  which  is  to  be  annealed  or  otherwise  treated 
before  use,  shall  be  cut  from  properly  annealed  or  similarly  treated  short  lengths  of  the  full  section 
of  the  piece. 

(c)  TenMon  and  bend  test  specimens  for  plates,  shapes  and  bars,  except  as  specified  in  Para- 
graph (d),  shall  be  of  the  full  thickncsii  of  material  as  rolled.  They  may  be  machined  to  the  form 
and  dimensions  shown  in  Fig.  i.  or  with  both  edges  parallel;  except  that  bend  test  specimens  for 
eye-bar  flats  may  have  three  rolled  sides. 

"^fir  niates  anrt  ham  fexrent  eve-bar  tiats,  ^....   .  ^  ..-.  .. 

IT  a  length  oi  a- 
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(«)  The  axis  of  tension  and  bend  test  specimens  for  pins  and  rollers  shati  be  i  m.  from  the 
surface  and  parallel  to  the  axis  of  the  bar.     Tension  test  specimens  shall  be  of  the  form  and  di- 
sliown  in  Fig.  3.     Bend  test  specimens  shall  be  i  by  }  in.  in  section. 


_Us4_ 


— *4MW^EU. 


t  Specimens  for  ri 


(f)  Tenuon  and  bend 
rolled. 

1 1 .  Nttmber  of  Tests,     (a)  One 
except  that  if  material  from  one  melt  differ?  | 


:t  steel  shall  be  of  the  full-size  9< 


n  of  bars 


bend  test  shall  be  made  from  each  melt; 

^_  __ ,  .._.  _    ...jre  in  thickness,  one  tension  and  one  bend 

shall  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 
(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  it  an  8-m.  tension 
test  specimen  breaks  outside  the  middle  third  of  the  gage  length,  or  if  a  3-in.  tension  test  specimen 
brealca  outside  the  gage  length,  it'may  be  discarded  and  another  specimen  substituted. 

IV.     PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND  GAGE. 
13.  Permianble  ValiatlonB.     The  cross-section  or  weight  of  each  inece  of  stee)  shall  not  vary 
more  than  3.5  per  cent  from  that  specified:  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  following  permissible  variations  to  apply  to  single  plates: 

(a)  When  Ordered  to  Weight.— Faz  plates  izi  lb.  per  sq   ft.  or  over; 
Under  100  in.  in  width,  3.5  per  cent  above  or  below  the  specified  weight; 
100  in.  in  width  or  over,  5  per  cent  above  or  below  the  specified  weight. 

For  plates  under  13}  lb.  per  sq.  ft.: 

Under  75  in.  in  width,  3.5  per  cent  above  or  below  the  specified  weight; 

75  to  100  in.,  exclusive,  in  width,  5  per  cent  above  or  3  per  cent  below  the  specified  weight; 

100  in,  in  width  or  over,  10  per  cent  above  or  3  per  cent  below  the  specified  weight. 

(b)  When  Ordered  to  Gage. — The  thickness  of  each  plate  shall  not  vary  more  than  O.ol  in. 
under  that  ordered. 

An  eitcesB  over  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shall  be 
allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cubic  inch  of  rolled 
steel  being  assumed  to  weigh  0.2833  lb.: 

V.    FINISH. 


VI.    MARKING. 


.  shall,  when  loaded  for  shipment,  be  properly  separated  and  marked  for  identification. 

The  identification  marks  shall  be  legibly  stamped  on  the  end  of  each  pin  and  roller.     The  melt 
number  shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test  specimen. 
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Overl 

3-5 

5 
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VII.     INSPECTION  AND  REJECTION. 

15.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  tiina 
while  work  on  the  contract  o(  the  purcnaser  is  being  performed,  to  ail  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  affonJ 
the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

16.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  s  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Material  which  shows  injurious  defects  subsequent  to  its  acceptance  at  Che  manufacturer's 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

1^.  Reheanng.  Samples  tested  in  accordance  with  Section  5,  which  represent  re]e<:ted 
material,  shall  be  preserveJ  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  lor  a  rehearing  within  that 
time. 


STANDARD    SPECIFICATIONS    FOR    STRUCTURAL    NICKEL    STEEL 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25,  1913. 

I.    MANUFACTURE. 
I.  Proceu.    The  steel  shall  be  made  by  the  open-bearth  process. 
3.  Discard.     A  sufficient  discard  shall  be  made  from  each  ingot  ii 
*e  freedom  from  injurious  piping  and  undue  segregation. 


intended  for  eye-ban  to 


II. 


CHEMICAL  PROPERTIES  AND  TESTS. 

the  following  requirements  as  t< 


3.  Chemic*]  Composition.    The  steel  shall  conform  t 
chemical  composition: 

Stkuctukal  Stul. 

Carbon not  over  045 

Manganese "      "    0.70 

phosphorusi^s,;::::::;;::::::::"  "  Tol 

Sulphi 


Rivn  Stxo- 

over  0.30  per  cent 


Nickel.  , 


"     0.04 
t  under   3.S5 


4.  Ladle  Analyses.  An  analysts  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken 
during  the  jMuring  of  each  melt.  A  copy  of  this  analysis  shall  be  given  to  the  puichaiser  or  his 
representative.    This  analysis  ^11  conform  to  the  requirements  specifiedjn  Section  3. 
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$.  Check  AnaljSM.    A  check  analysis  may  be  made  by  the  purcbaser  from  finished  material 
lepresenting  each  melt,  and  this  analysis  shatl  conform  to  the  requirements  spediied  in  Section  3, 

III.    PHYSICAL  PROPERTIES  AND  TESTS. 
TMtt.    (a)  The  steel  shall  conform  to  the  following  requirements  aa  to  tenrile 

Tensile  Ppopbrties  fkou  Spbciubn  Tests. 


Slveti. 

■nd  Bui. 

Eye-Ban  uidRol- 

Pic' Anoesled. 

Tensile  strength,  lb.  per  iq.  in. .  . 
Yield  point,  min.,  lb.  per  aq.  in. . 
Elongation  in  8  in.,  min.,  per  cent. 

70,000—80,000 

1,500,000 
Ten..  Str. 

BS,OOCKIOO,000 
I,SOO,000» 

Tens.  Str. 

9S.OOO-1 10,000 

SS.00O 

i,S<».ooo» 

Tens.  Str. 

16 

90/xx)- 103,000 

52,000 

20 

3S 

Reduction  of  srea  min.,  per  cen  t. .           40 

»S 

•  Tests  of  annealed  spedmens  of  eye-bars  shall  be  made  tor  information  only. 


(6)  The  yield  point  ahall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

7.  Modiflcations  in  Etonsadtm.  For  plates,  shapes  and  unannealed  bars  over  i  in.  in  thick- 
ness, a  deduction  of  i  from  the  percentage  of  elongation  specified  in  Section  6  shall  be  made  for 
each  increase  of  i  In.  in  thickness  above  I  in.,  to  a  minimum  of  14  per  cent. 

8.  Character  of  Fracture.  All  broken  tension  test  specimens  shall  show  either  a  silky  or  a 
very  fine  granular  fracture,  of  uniform  color,  and  free  from  coarse  crystals. 

Q.  Bend  Tetts.  (a)  The  test  specimen  for  plates,  shapes  and  bars  shall  bend  ctrfd  through 
180  deg.  without  fracture  on  the  outside  of  the  bent  portion,  as  follows:  For  material  }  in.  or  under 
in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for 
material  over  ]  in.  in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness 
of  the  specimen. 

(6)  The  test  specimen  for  pins  and  rollers  shall  bend  cold  through  180  deg.  around  a  I  in. 
pin,  without  fracture  on  the  outside  of  the  bent  portion. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  iSo  deg.  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 

10.  Tests  of  Antfes.  (a)  Angles  with  a  in.  legs  or  under,  and  i  in.  or  under  in  thickness, 
shall  open  Sat  or  bend  shut,  cold,  under  the  blows  of  a  hammer  without  cracking. 

(d)  Angles  with  legs  over  4  in.,  or  over  i  in.  in  thickness,  shall  open  to  an  angle  of  150  deg., 
or  close  to  an  angle  of  30  deg.,  cold,  under  the  blows  of  a  hammer  without  cracking. 

1 1.  Drift  Tests.  Punched  rivet  holes  pitched  two  diameters  from  a  planed  edge  shall  stand 
drifting  until  the  diameter  is  enlarged  50  per  cent  without  cracking  the  metal, 

12.  Test  Spedmens.  (a)  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished 
rolled  or  forged  material.     Specimens  for  pins  shall  be  taken  after  annealing. 

(6)  Tenwon  and  bend  test  specimens  for  plates,  shapes  and  bars,  except  as  specified  in  Para- 
graph (e),  shall  be  of  the  full  thickness  of  material  as  rolled.  They  may  be  machined  to  the  form 
and  dimensbns  shown  in  Fi^.  I ,  or  with  both  ec^s  parallel;  except  that  bend  test  specimens  shall 
not  be  less  than  3  in.  in  width,  and  that,  bend  test  specimens  ior  eye-bar  flats  may  have  three 
rolled  sides. 


>*A*-t»4;   ^ 

.ihaii*  iWfao  a« JML^gi jT 

', , . f. 

1 

4i!!n*.'.''-ii«„r— -. 

._ _,^ 

(e)  Tendon  and  bend  test  s^ 
thickness  or  diameter  may  be  machined  t( 
at  least  9  in. 


it  least  1  m.  for  a  length  of 
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(d)  The  axis  of  tendon  and  bend  test 

Bur{aceand|>araUel  to  theaxisof  thebar.     _  _ ^__, 

eions  shown  in  Fig.  3.     Bend  test  specimens  shall  be  i  by  i  in.  in  section. 

(e)  Tension  and  bend  teat  specimens  for  rivet  steel  shall  be  of  the  full-size  section  of  barsai 
rolled. 

13.  ITumbor  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  meh: 
except  that  if  materia.!  from  one  melt  differs  i  in.  or  more  in  thickneaa,  one  tension  and  one  bene 
test  shall  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  an  8-in.  tension 
test  specimen  breaks  outside  the  middle  third  of  the  gage  length,  or  if  a  3-in.  tension  test  b 
br^cs  outside  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 


Fig.  2. 


IV.    PERMISSIBLE  VARIATIONS  IN   WEIGHT  AND  GAGE. 
14.  Permissible  Varlatlona.     The  cross  section  or  weight  of  each  piece  of  steel  shall  not  van- 
more  than  3.5  per  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  fallowing  permissible  variations  to  apply  to  single  plates: 


<r  below  the  specified  weight. 


Under  100  in.  in  width,  3.5  per  cei 
100  in.  in  width  and  over,  5  per  ce 
For  plates  under  12)  lb.  per  sq.  ft.: 

Under  75  in.  in  width,  3.5  per  cent  above  or  below  the  specified  weight; 
75  to  too  in.  in  width,  5  per  cent  above  or  3  per  cent  below  the  specilied  weight; 
100  in.  in  width  and  over,  10  per  cent  above  or  3  per  cent  below  the  specified  weight. 
{b)   When  Ordered  to  Gage. — The  thiclcness  of  each  plate  shall  not  vary  more  than  o.oi  in. 
below  that  ordered. 

An  excess  over  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shall  be 
allowed  for  each  plate,  if  not  more  than  that  shown  in  the  (ollowic^  table,  one  cubk  inch  of  rolled 
steel  being  assumed  to  weigh  0.2833  ">■: 
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For  Width  of  Plate  u  foUoin; 
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VI.  MARKING. 
i6.  UaiUns.  The  name  or  brand  of  the  manufacturer  and  the  melt  number  aha.ll  be  legibly 
stamped  or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small  sections 
shall,  when  loaded  for  shipment,  be  properly  separated  and  marked  for  identification.  The 
identification  marks  shall  be  legibly  Btamped  on  the  end  of  each  pin  and  roller.  The  melt  number 
shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test  specimen, 

VII.    INSPECTION. 

17.  iDSpMtion.  The  inspector  repreaeating  the  purchaser  shall  have  free  entry,  at  all  tiroe» 
while  work  on  the  contract  of  the  purcnaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  con:^m  the  manufacture  of  the  material  ordereid.  The  manufacturer  ^11  afford 
the  inspector,  free  of  coat,  all  reasonable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  acctndance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

18.  Rejectioii.  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  5  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(6)  Material  which  shows  mjurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's 
works  will  be  rejected  and  the  manufacturer  shall  be  notified. 

19.  lUhetiinc.  Samples  tested  in  accordance  with  Section  S'  which  represent  rejected 
material,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 

"°^'  VIII.    FULL  SIZE  TESTS. 

20-  Tests  of  BTO-Bars.  (a)  Full  size  tests  of  annealed  eye-bars  shall  conform  to  the  followii^ 
requirements  as  to  tensile  properties: 

Tensile  strength,  lb.  per.  sq.  In 85,000-100,000 

Yield  point,  min.,  lb,  per  sq.  in 48,000 

Elongation  in  18  ft.,  min.,  per  cent lO 

Reduction  of  area,  min.,  per  cent 30 

(b)  The  yield  point  shall  be  determined  by  the  Italt  of  the  gage  of  the  tesd:^  n 
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A.     Seqtiiremenli  for  Rolled  Bars. 

I.    MANUFACTURE. 

1.  Process.    The  steel  shall  be  made  by  the  open-hearth  process. 

II.    CHEMICAL  PROPERTIES  AND  TESTS. 

2.  Chemical  Composltloii.  The  steel  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

Mai^anese 0.30-0.50  per  cent 

Phosphorus not  over  0.04        " 

Sulphur "       "    0.045      " 

3.  Iisdle  Analjses.  An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 
phorus and  sulphur  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  Ids  representative.  This  analysts 
diall  conform  to  the  requirements  specified  in  Section  3. 

4.  Check  Analyses.  A  check  analyus  may  be  made  by  the  purchaser  from  finished  material 
representii^  each  melt,  and  this  analysis  shall  conform  to  the  requirements  specified  in  Section  a. 

in.    PHYSICAL  PROPERTIES  AND  TESTS. 

5.  Teiuion  Tests,  (a)  The  bars  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 

D,g,l,zeoDyCot)g[c 
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Tensile  strength,  lb.  per  aq.  in 45,000-55,000 

Yield  point,  min.,  lb.  per  sq.  in. 0,5  tens,  str. 


Elongation  in  8  in.,  min.,  per  c( 


Tens.  str. 

(But  need  not  exceed  30  per  cent) 


(by  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine.  I 

6.  Bead  Tests,     (a)   Cold-bend  Tests.— The  test  specimen  shall  bend  cold  through  180  deg. 
flat  on  itself  without  cracking  on  the  outside  of  the  bent  portion. 

(ft)  Qvench-bend  Tests. — The  test  specimen,  when  b^ted  to  a  light  cherry  red  as  seen  in  the   I 
dark  (not  less  than  1300°  P.).  and  quenched  at  once  in  water  the  temperature  of  wbicb  is  between 
80°  and  90°  F.,  shall  bend  through  180°  flat  on  itself  without  ciacldng  00  the  outside  <rf  the  bent 
portion. 

7.  Test  ^«cim«iu.     Tension  and  bend  test  specimens  shall  be  of  the  full-size  section  of 
material  as  rolled.  I 

8.  Number  of  Tests,     (a)  Two  tension,  two  cold-bend,  and  two  quench-bend  teats  shall  be   1 
made  from  each  melt,  each  of  which  shall  conform  to  the  requirements  specified.  I 

(b)  If  any  test  specimen  develops  flaws,  orif  a  tension  test  specimen  breaks  outside  the  middle   I 
third  of  the  gage  lei^h,  it  may  be  discarded  and  another  specimen  substituted. 

IV.     PERMISSIBLE  VARIATIONS  IN  GAGE.  I 

9.  Permissible  Vaiiatloiis.    The  gage  of  each  bar  shall  not  vary  more  than  o.oi  in.  from  that 


V.    WORKMANSHIP  AND  FINISH. 

10.  WoAmanshlp.    The  finished  bars  shall  be  circular  within  o.oi  in. 

11.  Finish.    The  hnished  bars  shall  be  free  from  injurious  defects,  and  shall  have  a  workman- 
like flnish. 

VI.    MARKING. 
13.  UtrUng.    Rivet  bars  shall,  when  loaded  for  shipment,  be  properly  separated  and  marked 
with  the  name  or  brand  of  the  manufacturer  and  the  melt  number  for  identification.     The  melt 
number  shall  be  legibly  marlced,  by  stamping  if  practicable,  on  each  test  s| 

VII.    INSPECTION  AND   REJECTION. 


while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  (except  check  analj^ses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

14.  ReJ«ctioa.  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  4  shall  be  reported  within  five  working  days  From  the  receipt  of  samples.  I 

(b)   Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manufacturer'?    1 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified.  ' 

15.  Rebeuuic.  Samples  tested  in  accordance  with  Section  4,  which  represent  rejected  bars, 
shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatisfaction  with 
the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that  time. 

B.    ReguiremtnSs  for  Rieets. 
I.    PHYSICAL  PROPERTIES  AND  TESTS. 

16.  Tendon  Testa.     The  rivets,  when  tested,  shall  conform  to  the  requirements  as  to  tensile 

Cperties  specified  in  Section  5,  except  that  the  elongation  shall  be  measured  on  a  gage  length  not 
than  four  times  the  diameter  of  the  rivet. 

17.  Bend  Tests.  The  rivet  shank  shall  bend  cold  through  180  degrees  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 

iS.  FUtteiung  Tests.     The  rivet  heads  shall  flatten,  while  hot,  to  a  diameter  3}  times  tbe     | 
diameter  of  the  shank  without  cracking  at  the  edges.  ! 

19.  (a)  When  specifled,  one  tension  test  shall  be  made  from  each  size  in  each  lot  of  rivets 
offered  for  inspection. 
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II.    WORKMANSHIP  AND  FINISH. 
20.  WodEOUUuUp.    Rivets  shall  be  true  to  (orm,  concentric,  and  shall  be  made  In  a 


III.    INSPECTION  AND   REJECTION. 

aa.  Inapecdon.  The  inspector  repreaenting  the  purchaser  shall  have  tree  entry,  at  all  timet 
vhile  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
vorks  which  concern  the  manufacture  of  the  rivets  ordered.  The  manufacturer  shall  afford  the 
nspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  rivets  are  being;  furnished  in 
tccordance  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
acture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere 
innecessarily  with  the  operation  of  the  works. 

23.  Rejection.  Rivets  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
nanufactuier's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 


STANDARD  SPECIFICATIONS  FOR  BILLET-STEEL  REINFORCEMENT  BAKS* 

OP  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
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..   (o)  These  specifications  cover  three  classes  of  billet-steel  concrete  reinforcement 

bars,  namely:  plain,  deformed,  and  cold-twisted. 

(fi)   Plain  and  deformed  bars  arc  of  two  grades,  namely:  structural  steel  and  hard. 

a.  Baais  of  Purduse.     (a)  The  hard  grade  will  be  used  onlj^  when  specified. 

(6)  If  desired,  cold-twisted  bars  may  be  purchased  on  the  basis  of  tests  of  the  hot-rolled  bars 
before  twistiiuj,  in  which  case  such  tests  shall  govern  and  shall  conform  to  the  requirements  speci- 
fied for  plain  bars  of  structural  steel  grade. 

I.     MANUFACTURE. 

?.  Proceu.     (a)  The  steel  may  be  made  by  the  Bessemer  or  the  open-hearth  process. 
6)  The  bars  shall  be  rolled  from  new  billets.     No  rerolled  material  will  be  accepted. 

4.  Cold-twisted  Bars.  Cold-twisted  bars  shall  be  twisted  cold  with  one  complete  twist  in  a 
length  not  over  I3  times  the  tliickaess  of  the  bar. 

II.  CHEMICAL  PROPERTIES  AND  TESTS. 

5.  Chsmical  Composition.  The  steel  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

■D^.-.,^u^^^S  Bessemer not  over  o.to  per  cent 

P'"»P''""\Open.heanh "      "0.05      '■ 

6.  I>adle  Analyses.  An  analysis  to  determine  the  percentage  of  carbon,  manganese,  phos- 
phorus and  sulphur,  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  5. 

7.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from  finished  bars  representing 
each  melt  of  open-hearth  steel,  and  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel,  in  which  case  an 
excess  of  35  per  cent  above  the  requirements  specified  in  Section  5  shall  be  allowed. 

III.  PHYSICAL  PROPERTIES  AND  TESTS. 

8.  Tendon  Tests,  (a)  The  bars  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 

*  For  the  American  Railway  Engineering  Association  specifications  for  steel  reinforcement, 
see  Chapter  VI,  p.  973. 
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PUoBui. 

Defomed  Bui. 

Cold-twJXed 
Ban. 

Slnietural  SUd 
Grade. 

Hard  Grade. 

^•™&^ 

Hard  Grade. 

Tensile    atrength,    lb 

SS,OOO-7O,000 

1,400000! 
Tent.  str. 

80,000  min. 
Ten.,  .tr. 

55,000-70,000 

3J,ooo 

1.350000" 
Teni.  »tr. 

8^ooomin. 

50,000 
i,ooo,ooo> 

Recorded 
only. 

S 

Yield  point,  min.,  lb 

Elongation   in    8    in., 

min.,  per  cent 

Ten.,  .tr. 

(ft)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

9.  Modiacatioaa  in  ElonMtioil.  (a)  For  plain  and  deformed  bara  over  f  in.  in  thiclcnc* 
or  diameter,  a  deduction  of  i  from  the  percentages  of  elongation  shifted  in  Section  8  (a)  shall  be 
made  for  each  increase  of  i  in,  in  thickness  or  diameter  above  j  in. 

(6)  For  plain  and  deformed  bara  under  A  in.  in  thickness  or  diameter,  a  deduction  of  I  from 
the  percentages  of  eloi^aCion  specilied  in  Section  8  (a)  shall  be  made  for  each  decrease  of  ^  in.  it 
thicknesa  or  diameter  below  A  in. 

10.  Beed  TeBta.  The  test  specimen  shall  bend  cold  around  a  (kd  without  cracking  on  tk 
outside  of  the  bent  portion,  as  follows: 

Bend  Test  RBQinKBUBNTS. 


ThkkncM  or  Dlamcla  of  Bar. 

Plain  Ban. 

Bar.. 

SSS. 

Had  Grade. 

Stedcikde. 

Hard  Grade. 

I  Bo  deg. 

d  =  t 
■So  deg. 

d-t 

180  deg. 

d-3t 
90  deg. 

d  =  3t 

180  deg. 
90  deg. 

180  deg. 
d-4t 
90  deg. 
d  =  4t 

180  deg. 

ExFLANATOKV  NoTK:  d  -  the  diameter  of  pin  about  which  the 

t  =  the  thickness  or  diameter  of  the  specimen. 

11.  Tsit  SpMlmena.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bats 
shall  be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  material  v 
rolled;  except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  length  of  at  least  9  in., 
if  deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

(&)  Tension  and  bend  test  specimens  for  cold-twisted  bars  shall  be  taken  from  the  finished 
bars,  without  further  treatment;  except  as  specified  in  Section  2  (6). 

12.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt  of 
open-hearth  steel,  and  from  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel;  except  that  if  material 
from  one  melt  differs  i  in.  or  more  in  thickness  or  diameter,  one  tension  and  one  bend  test  shall  be 
made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  Haws,  or  if  s  tenuon  test 
specimen  breaks  outside  the  middle  third  of  the  gage  lei^th,  it  may  be  discarded  and  anotlur 
specimen  substituted. 

IV.    PERMISSIBLE  VARIATIONS  IN  WEIGHT. 

13.  P«nnlB8ible  Variations.  The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  per 
cent  (ram  the  theoretical  weight  of  that  lot. 
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V.    FINISH. 

14.  nidsh.    The  finished  bars  shall  be  free  from  iojuriouB  defects  and  shall  have  a  workmaa- 

VI.    INSPECTION  AND  REJECTION. 

15.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
lile  work  on  ihe  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
irks  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
ipector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  arc  being  furnished  in 
^ordance  with  these  speciftcations.  All  tests  (except  check  analyses)  and  inspection  shall  be 
ide  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
nducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

16.  Rejection,  [a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ce  with  Section  7  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(6)  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manufacturer's 
trks  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

17.  Rehearing.  Samples  tested  in  accordance  with  Section  7,  which  represent  rejected  bars, 
all  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatisfactioa  with 
e  results  of  the  testa,  the  masufacturer  may  make  claim  for  a  rehearing  within  that  time. 
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reinforcement  bart, 

I.     MANUFACTURE. 

2.  Proceaa.    The  bars  shall  be  rolled  from  standard  section  Tee  rails. 

3.  Hot-twiatod  Baro.     Hot-twisted  bars  shall  have  one  complete  twist  in  a  length  not  over 
times  the  thickness  of  the  bar. 

II.     PHYSICAL  PROPERTIES  AND  TESTS. 

4.  Teoaion  Tests,     (o)  The  bars  shall  conform  to  the  following  minimum  requirements  as  to 
nsile  properties: 

PiDpeitiea  Cotuidcrcd.  Plain  Ban. 


Tensile  strenffth,  lb.  per  sq.  in.. 

Held  point,  lb.  per  iq.  in 

Elongation  in  8  in.,  per  cent>.. . 


i 


(6)   The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

5.  Modlflcations  in  Elongation,  (a)  For  bars  over  ]  in.  in  thickness  or  diameter,  a  deduction 
I  lirom  the  percentages  of  elongation  specified  in  Section  4  (tt)  shall  be  made  for  each  increase 
I  in.  in  thickness  or  diameter  above  }  in. 

(6)  For  bars  under  A  in.  in  thickness  or  diameter,  i 
mgation  specified  in  Section  4  (a)  shall  be  made  For  ea 
neter  below  t\  in. 

6.  B«nd  Testa.    The  test  specimen  shall  bend  cold  around  a  pin  without  cracking  on 
[tside  of  the  bent  portion,  as  follows: 

'  See  Section  5. 
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FbdnBan. 

Defonned  and  Hot-twlMed  Bui. 

180  deg. 

St 

180  deg. 

1  in  or  over                             

7.  Test  Spttdmeas.  (a)  Tension  and  bend  test  specimens  for  plain  and  defonned  bars  sbil 
be  taken  from  the  finished  i>ars,  and  sball  be  of  the  full  thickness  or  diameter  of  bars  as  rolkd 
except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  lenEtb  of  at  least  9  in.,  i 
deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

(b)  Tension  and  bend  test  specimens  for  hot-twisted  bars  shall  be  taken,  from  the  finishd 
bars,  without  further  treatment. 

8.  Number  of  Teats,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  lot  of  m 
tons  or  less  of  each  size  of  bar  rolled  from  raits  varying  not  morg  than  10  lb.  per  yd.  in  nomid 
weight. 

(t)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  tea 
specimen  breaks  outside  the  middle  third  of  the  gage  length,  it  may  be  discarded  and  anotiK 
specimen  substituted. 

III.     PERMISSIBLE  VARIATIONS   IN  WEIGHT. 

It  vary  more  than  5  per  cal 


V.     INSPECTION  AND   REJECTION. 

.iMtlon.    Th( 

while  worko.. , -„  ^ ^ 

works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  tb 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  i 
accordance  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  mam 
facture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfa 
unnecessarily  with  the  operation  of  the  worEct. 

12,  Rejection.     Bars  which  show  injurious  defects  subsequent  to  their  ai 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  diall  be  notified. 


STANDARD  SPECIFICATIONS  FOR  STEEL  CASTINGS 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 
Adopted  August  35,  1913. 

I.  CtMBOf.    These  specifications  cover  two  classes  of  castings,  namdy: 

Class  A,  ordinary  castingiB  for  which  no  physical  requirements  ai  " 

Class  B,  castings  for  which  physical  requirements  are  specified, 
hard,  medium,  and  soft. 

z.  Patterns,  (a)  Patterns  shall  be  made  so  that  suiiicient  finish  is  allowed  to  provide  for  il 
variations  in  shrinkage. 

(6)  Patterns  shall  be  painted  three  colors  to  represent  metal,  cores,  and  finished  surfaw 
It  is  recommended  that  core  mints  shall  be  painted  black  and  finished  surfaces  red. 

3.  BaslB  of  Purchase.  The  purchaser  shall  indicate  his  intention  to  substitute  the  test  ti 
destruction  specified  in  Section  11  for  the  tension  and  bend  tests,  and  shall  designate  the  patten 
from  which  castings  for  this  ten  shall  be  made. 
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I.     MANUFACTURE. 

4.  Procoas.  The  steel  may  be  made  by  the  open-hearth,  crucible,  or  any  other  process 
a.pproved  by  the  purchaser. 

5.  Hemt  Treatment,     (a)  Class  A  castings  need  not  be  annealed  unless  otherwise  specified. 
Xb)  Class  B  castings  shall  be  allowed  to  become  cold.     They  shall  then  be  uniformly  reheated 

to  the  proper  temperature  to  refine  the  grain  (a  group  thus  reheated  being  known  as  an  "  ann^ling 
charge  "},  and  allowed  to  cool  uniformly  and  slowly.  If,  in  the  opinion  of  the  purchaser  or  his 
representative,  a  casting  lb  not  properly  annealed,  he  may  at  his  option  require  tne  casting  to  be 
re-annealed. 

II.  CHEMICAL  PROPERTIES  AND  TESTS. 

6.  Chemical  ConvoBltlon.  The  castings  shall  conform  to  the  following  requirements  as  to 
chemical  compoaitioD: 

Cuss  A.  Cusi  S. 

Carbon not  over  0.30  per  cent  

Phosphorus "      "    0.06       "  not  over  0.05  per  cent 

Sulphur. "      "    0.05       " 

7.  Ladle  AnMljnw.  An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 
phorus and  sulphur  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  duringthe  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  hb  representative.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  6.  Drillings  for  analysia  shall  be  taken  not 
less  than  i  in.  beneath  the  surface  of  the  test  ingot. 

a.  Check  Aaalyses.  (a)  Analyses  of  Class  A  castings  may  be  made  by  the  purchaser,  in 
lyhich  case  an  excess  of  30  per  cent  above  the  requirement  as  to  phosphorus  Bpeci6ed  in  Section  6 
shall  be  allowed.     Drillings  for  analysis  shall  be  taken  not  less  than  i  in.  beneath  the  surface. 

(6)  Analyses  of  Class  B  castings  may  be  made  by  the  purchaser  from  a  broken  tension  or 
bend  test  specimen,  in  which  case  an  excess  of  20  per  cent  above  the  requirements  as  to  phos- 
phorus and  sulphur  specified  in  Section  6  shall  be  allowed.  Drillings  for  analysis  shall  be  taken 
not  less  than  i  m.  beneath  the  surface. 

III.  PHYSICAL  PROPERTIES  AND  TESTS. 

(For  Class  B  Castings  Only.) 

9.  Teniioa  Teata.  (a)  The  castings  shall  conform  to  the  following  minimum  requirements 
as  to  tensile  properties: 

Hard.  Mediuh.  Soft. 

Tensile  strength,  lb.  per  sq.  in 80  000         70000         60  000 

Yield  point,  lb.  per  aq.  in 36  000         3'  500         27000 

Elongation  in  a  in.,  per  cent 15  18  22 

Reduction  of  area,      "       20  25  30 

(6)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

10.  Bftod  Teatt.  (a)  The  test  specimen  for  soft  castings  shall  bend  cold  through  lao  deg., 
and  for  medium  castings  through  90  deg.,  around  a  i-in.  pin,  without  cracking  on  the  outnde  of 
the  bent  portion. 

(6)  Hard  castinn  shall  not  be  subject  to  bend  test  requirements. 

11.  AltefnatiTe  Teats  to  Destruction.  In  the  case  of  small  or  unimportant  castings,  a  test  to 
destruction  on  three  castings  from  a  lot  may  be  substituted  for  the  tension  and  bend  tests.    This 


test  shall  show  the  material  to  be  ductile,  free  from  injurious  defects,  and  suitable  for  the  purpose 
intended-     A  lot  shall  consist  of  alt  castings  from  one  melt,  in  the  same  annealing  chai^e._ 

12.  Teat  Specimens,     (a)  Sufficient  test  bars,  from  which  the  test  specimens  required  in 
Section  13  (a)  may  be  selected,  shall  be  attached  to  castings  weighing  500  lb.  or  over,  when  the 
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design  of  the  caBtia{^  will  permit.  If  the  castines  weigh  less  than  500  lb.,  or  are  of  such  a  de: 
that  test  bars  cannot  be  attached,  two  test  bars  shall  be  cast  to  repreaent  each  melt;  or  the  qua 
of  the  castings  shall  be  determined  by  tests  to  destruction  as  Bpect&ed  in  Section  II.  All 
bars  shall  be  annealed  with  the  castings  they  represent. 

(6)  The  manufacturer  and  purchaser  shall  agree  whether  test  bars  can  be  attached  to  casfii 
on  the  location  of  the  bars  on  the  castings,  on  the  castings  to  which  bars  are  to  be  attached, ; 
on  Che  method  of  casting  unattached  bars. 

(c)  Tension  test  Bpecimens  shall  be  of  the  form  and  dimensions  shown  in  Fig.  i.  Bend  I 
spectmens  shall  be  machined  to  i  by  1  in.  in  section  with  corners  rounded  to  a  radius  not  over  A 

13.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  anneal 
charge.  If  more  than  one  melt  is  represented  in  an  annealing  charge,  one  tension  and  one  In 
test  shall  be  made  from  each  melt. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  t 
jcimen  breaJca  outside  the  gage  length,  it  may  be  discarded;  in  which  case  the  manufacturer  a 
e  purchaser  or  his  representative  shall  agree  upon  the  selection  of  another  specimen  in  its  std 

IV.  WORKMANSHIP  AND  FINISH. 

14.  WoifauutBbip.  "Hie  castings  shall  substantially  conform  to  the  sizes  and  shapes  of  t 
patterns,  and  shall  be  made  in  a  workmanlike  manner. 

15.  Finish,     (a)  The  castings  shall  be  free  from  injurious  defects. 

(6)  Minor  defects  which  do  not  impair  the  strength  of  the  castings  may,  with  the  approi 
of  the  purchaser  or  his  representative,  be  welded  by  an  approved  process.  The  defects  shall  fii 
be  cleaned  out  to  solid  metal;  and  after  welding,  the  castings  shall  be  annealed,  if  specified  by  t 
purchaser  or  his  representative. 

(e)  The  castings  offered  for  inspection  shall  not  be  painted  or  covered  with  any  substan 
that  will  hide  defects,  nor  rusted  to  such  an  extent  as  to  hide  defects. 

V.  INSPECTION  AND  REJECTION. 

16.  Inspecdon.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  tim 
while  work  on  the  contract  o(  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacture 
works  which  concern  the  manufacture  of  the  castings  ordered.  The  manufacturer  shall  afTonf  l! 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  castings  are  being  furnishi 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  I 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  1 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

17.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  testa  made  in  accoii 
Aiux  with  Section  8  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Castings  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  maw 
facturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

iS.  Rehearing.  Samples  tested  in  accordance  with  Section  8,  which  represent  rejecit 
castings,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissati 
faction  with  the  results  of  the  tests,  the  manufacturer  may  make  claim  lor  a  rehearing  within  thi 

VI.    SPECIAL  REQUIREMENTS  FOR  CASTINGS  FOR  SHIPS. 
19.  Cudiigs  for  Ships.     In  addition  to  the  preceding  requirements, castings  for  ships,  wbc 

so  specified,  shall  conform  to  the  following  reauirements; 

30.  Heat  Treatment.     All  castings  shall  be  annealed. 

31.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  of  th 
following  castings:  stem  frames,  stern  posts,  twin  screw  spectacle  frames,  propellor  shaft  brackets 
rudders,  steering  quadrants,  tillers,  stems,  anchors,  and  other  castings  when  specified. 

(i)  When  a  casting  is  made  from  more  than  one  melt,  four  tension  and  four  bend  tests  shal 
be  made  from  each  casting. 

22.  Percussion  Tests,  (a)  A  percussion  test  shal!  be  made  on  each  of  the  following  castings 
stern  frames,  stern  posts,  twin  screw  spectacle  frames,  propellor  shaft  brackets,  rudders,  steeiini 
quadrants,  tillers,  stems,  anchors,  and  other  castings  when  specified. 

(6)  For  this  test,  the  casting  shall  be  suspended  by  chains  and  hammered  all  over  with  a 
hammer  of  a  weight  approved  by  the  purchaser  or  his  representative.  If  cracks,  flaws,  defects^ 
or  weakness  appear  after  such  treatment,  the  casting  will  be  rejected. 

VII.    SPECIAL  REQUIREMENTS  FOR  CASTINGS  FOR  RAILWAY  ROLLING  STOCK. 

33.  Castinga  for  Railway  Rolling  Stock.     Castings  for  railway  rolling  stock,  when  so  specified, 

shall  conform  to  the  requirements  for  Class  B  castings.  Sections  i  to  18,  inclusive,  except  thai 
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B  (b)  Hhalt  confcwm  to  the  reqniremeiits  as  to 

CORROSION  OF  IRON  AND  STEEL.— If  iron  or  steel  is  left  exposed  to  the  atmosphere 
lites  with  oxygen  and  water  to  form  rust.  Where  the  metal  is  further  exposed  to  the  action 
STTosive  gaaea  the  rate  of  rusting  is  accelerated  but  the  action  is  similar  to  that  of  ordinary 
ing.  Neither  dry  air  nor  water  free  from  oxygen  has  any  corrosive  etTect.  While  not  essential 
orrosioa  adds  greatly  hasten  its  action.  It  seems  evident  that  some  weak  electrolysis  is 
atial  for  corrosive  action.  Where  iron  or  steel  are  in  contact  with  water  electrolytic  action 
aiirays  take  place,  although  the  amount  is  very  small  under  ordinary  conditions.  Where  a 
Iderable  electrolytic  force  exists  the  corrosion  is  greatly  hastened.  The  increase  in  the  use 
ectricity  has  doubtless  bad  a  tendency  to  increase  the  corrosion  of  iron  and  steel  and  to  make 
problem  of  the  preservation  of  iron  and  steel  from  corrosion  of  great  importance. 

In  an  article  on  "  The  Corrodon  of  Iron  "  in  Proceedings  of  American  Society  for  Testing 
teriats,  vol  VII,  1907,  pages  £li  to  328,  Mr.  Alleison  S.  Cushman  shows  that  the  two  factors 
lOUt  which  the  corrosion  of  iron  is  impossible  are  electrolysis  and  the  presence  of  hydrogen 
he  electrolyzed  or  "  ionic  "  condition.  The  electrolytic  action  can  only  take  place  in  the 
ence  of  oxygen  or  some  other  oxidizing  agent.  Rust  is  a  hydroxide  of  iron — ferric  hydroxide, 
IjHs.  The  corrosion  of  iron  or  steel  may  be  prevented  or  retarded  by  covering  it  with  a  coating 
:  ivill  protect  it  from  the  water  or  the  air. 

It  is  commonly  believed,  with  good  reason,  that  cast  iron  corrodes  less  rapidly  than  either 
nght  iron  or  sted.  The  graphite  in  the  cast  iron  and  the  silicious  coating  that  the  cast  iron 
;ives  ia  mdding  doubtless  assist  in  protecting  the  cast  iron  from  corrosion. 

It  is  also  commonly  believed  that  steel  corrodes  more  rapidly  than  wrought  iron.  The  tests 
t  have  been  made  to  determine  the  relative  corrosion  of  wrought  iron  and  steel  are  very  con- 
ring,  but  it  appears  certain  that  the  difference  in  the  corrosion  of  well  made  steel  and  well  made 
>ught  iron  is  very  slight.  The  acid  test  as  a  measure  of  natural  corrosion  has  been  used,  es- 
ially  by  firms  manufacturing  and  selling  "  ingot  iron  "  (very  low  carbon  Bessemer  or  open- 
rth  steel).  Committee  A-5  on  the  Corrosion  of  Iron  and  Steel  of  the  American  Society  for 
-.ting  Materials  in  the  Proceedings  of  the  Society,  vol.  XI,  tgii,  page  100,  states  that  it  cotisiders 
acid  test  as  wirtliabU  as  a  measure  of  natural  corrosion  and  does  not  recommend  its  use. 

In  the  paper  on  "  The  Corrosion  of  Iron  "  above  referred  to,  Mr.  Cushman  states: — "  A 
y  widespread  Impression  prevails  that  charcoal  iron  or  a  puddled  wrought  iron  are  more  re- 
ant  to  corro^on  than  steel  manufactured  by  the  Bessemer  and  open-hearth  processes.  It  is 
no  means  certain  that  this  is  the  case,  but  it  would  follow  from  the  electrolytic  thecny  that  in 
!er  to  have  the  highest  resistance  to  corrosion  a  metal  should  either  be  as  free  as  possible  from 
tain  impurities,  such  as  manganese,  or  should  be  so  homogeneous  as  not  to  retain  localized 
iitive  and  negative  nodes  for  a  long  time  without  change.  Under  the  first  condition  iron  would 
lear  to  have  the  advantage,  but  under  the  second  much  would  depend  upon  the  care  exercised 
Dianuiacture,  whatever  process  was  used." 

Prom  the  preceding  discussion  it  would  appear  that  neither  "  ingot  iron  "  nor  wrought  iron 
I  any  advantage  in  resisting  corrosion  over  a  fvell  made  structural  steel. 

PAINT.* — The  paints  in  use  for  protecting  structural  steel  may  be  divided  into  oil  paints, 
'  paints,  asphalt  paints,  varnishes,  lactjuers,  and  enamel  paints.  The  last  two  mentioned  are 
I  expeuMve  for  use  on  a  large  scale  and  will  not  be  considered. 

on.  PAINTS. — An  oil  paint  consists  of  a  drying  oil  or  varnish  and  a  pigment,  thoroughly 
xed  together  to  form  a  workable  mbtture.  "  A  good  paint  is  one  that  is  r^dily  applied,  has 
xl  coverii^  powers,  adheres  well  to  the  metal,  and  is  durable."  The  pigment  should  be  inert 
the  metal  to  which  it  is  applied  and  also  to  the  oil  with  which  it  is  mixeiT  Linseed  oil  is  com- 
laly  used  as  the  varnish  or  vehicle  in  oil  paints,  and  is  unsurpassed  in  durability  by  any  other 
^ing  oil.  Pure  linseed  oil  wilt,  when  applied  to  a  metal  surface,  form  a  transparent  coating  that 
ers  considerKble  protection  for  a  time,  but  is  soon  destroyed  by  abrasion  and  the  action  of  the 
nients.  To  make  the  coating  thicker,  harder  and  more  dense,  a  pigment  is  added  to  the  oiL 
I  oil  paint  is  analogous  to  concrete,  the  linseed  oil  and  pigment  in  the  paint  corresponding  to  the 

*  This  diaciisslan  on  paints  ia  taken  from  the  author's  "  The  Des^  of  Steel  Mill  Buildings." 
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cement  and  the  aKr«ate  in  the  concrete.  The  pwments  used  in  making  tnl  paints  for  protcctiii 
metal  may  be  divided  into  four  groups  as  follows:  (i)  lead;  (a)  zinc;  (3)  iron;  (4.)  carbon. 

Unseed  Oil.^Linaeed  oil  is  made  by  crushing  and  pressing  flaxseed.  The  oi!  contains  somi 
vegetable  impuritiea  when  made,  and  should  be  allowed  to  stand  for  two  or  three  months  to  pun:' 
and  aettle  before  being  used.  In  this  form  the  oil  is  known  as  raw  linseed  oil,  and  is  ready  for  u<i- 
Raw  linseed  oil  dries  (oxidizes)  very  slowly  and  for  that  reason  Is  not  often  used  in  a  pure  state  fa 
structural  iron  paint.  The  rate  of  drying  of  raw  Unseed  oil  increases  with  age;  an  old  nil  bcilf 
very  much  better  for  paint  than  that  which  has  been  but  recently  extracted.  Raw  linseed  a. 
can  be  made  to  dry  more  rapidly  by  the  addition  of  a  drier  or  by  boiling.  Linseed  oil  dries  1  ■ 
oxidation  and  not  by  evaporation,  and  therefore  any  material  that  will  make  it  take  up  oxygei 
more  rapidly  is  a  drier.  A  common  method  of  making  a  drier  for  linseed  oil  is  to  put  the  WnaoA 
oil  in  a  kettle,  heat  it  to  a  temperature  of  400  to  500  degrees  F.,  and  stir  in  about  four  pounded 
red  lead  or  lithai^,  or  a  mixture  of  the  two,  to  each  gallon  of  oil.  This  mixture  is  then  ihinnd 
down  by  adding  enough  linseed  oil  to  make  four  gallons  for  each  gallon  of  raw  oil  first  put  in  lb- 
kettle.  The  addition  of  four  gallons  of  this  drier  to  forty  gallons  cJ  raw  oil  will  reduce  the  time  ih 
drying  from  about  five  days  to  twenty-four  hours,  A  drier  made  in  this  way  costs  more  than  ihi 
pure  linseed  oil,  so  that  driers  are  very  often  made  by  mixing  lead  or  manganese  oxide  with  ro^i 
and  turpentine,  benzine,  or  rosin  oil.  These  driers  can  be  made  for  very  much  less  than  the  piik- 
of  good  linseed  oil,  and  are  used  as  adulterants;  the  more  of  the  drier  thai  ii  put  into  the  paint,  li) 
quicker  it  will  dry  and  the  poorer  it  becomes.  Japan  drier  »  often  used  with  raw  oil,  and  when  thi 
or  any  other  drier  is  added  to  raw  oil  in  barrels,  the  oil  b  said  to  be  "  boiled  through  the  bung  hole.l 

Boiled  linseed  oil  is  made  by  heating  raw  oil,  to  which  a  quantity  of  red  lead,  litharge,  sugard 
lead,  etc.,  has  been  added,  to  a  temperature  of  400  to  500  degrees  F.,  or  by  passing  a  current  d 
heated  air  through  the  oil.  Heating  Unseed  oil  to  a  temperature  at  which  merely  a  few  bubble 
rise  to  the  surface  makes  it  dry  more  rapidly  than  the  unneated  oil;  however,  if  the  boiling  iscid 
tinued  for  more  than  a  few  hours  the  rate  of  drying  is  decreased  by  the  bailing.  Boiled  linsm 
oil  is  darker  in  color  than  raw  oil,  and  is  much  used  for  outside  paints.  It  should  dry  in  from  12  v 
34  hours  when  spread  out  in  a  thin  film  on  glass.  Raw  oil  makes  a  stronger  and  better  film  thii 
boiled  oil,  but  it  dries  so  slowly  that  it  is  seldom  used  for  outside  work  without  the  addition  ofi 

Lead. — WhUe  Lead  (hydrated  carbonate  of  lead — specific  gravity  6.4)  is  used  for  interior  an 
exterior  wood  work.  White  lead  forms  an  excellent  pigment  on  account  of  its  high  adhesion  an 
covering  power,  but  it  is  ea^ly  darkened  by  exposure  to  corrosive  *gasee  and  rapidly  disintegran 
under  tnese  conditions,  requiring  frequent  renewal.  It  does  not  make  a  good  bottom  coat  fo 
other  paints,  and  if  it  is  to  be  used  at  all  for  metal  work  it  should  be  used  over  another  paint. 

Red  Lead  (minium;  lead  tetroxide — specific  gravity  8.3)  is  a  heavy,  red  powder  apprcoi 
mating  in  shade  to  orange;  is  affected  by  acids,  but  when  used  aa  a  paint  is  very  stable  in  light  an 
under  exposure  to  the  weather.  Red  lead  is  seldom  adulterated,  about  the  only  substance  use 
for  the  purpose  being  red  oxide.  Red  lead  is  prepared  by  changing  metallic  lead  into  mono^id 
lithac^,  and  converting  this  product  into  minium  in  calcining  ovens.  Red  lead  intended  ft 
paints  must  be  free  from  metallic  lead.  One  ounce  of  lampblack  added  to  one  pound  of  red  lea 
changes  the  color  to  a  deep  chocolate  and  increases  the  time  of  drying.  This  compound  whe 
mixed  in  a  thick  paste  will  keep  50  days  without  hardening. 

Zinc. — Zinc  white  (zinc  oxide— specific  gravity  5.3)  is  a  white  loose  powder, "devoid  <rf  siot 
or  taste  and  has  a  good  covering  power.  Zinc  paint  has  a  tendency  to  peel,  and  when  expose 
there  is  a  tendency  to  form  a  linc  soap  with  the  oil  which  is  easily  washed  off,  and  it  therefore  d« 
not  make  a  good  paint.  However,  when  mixed  with  red  oxide  of  lead  in  the  proportions  of  I  lea 
to  3  zinc,  or  2  lead  to  1  zinc,  and  ground  with  linseed  oil,  it  makes  a  very  durable  paint  for  met: 
surfaces.  This  paint  dries  very  slowly,  the  zinc  acting  to  delay  hardening  about  the  same  i 
lampblack. 

Iron  CMde.— Iron  oxide  {specific  eravity  5)  is  composed  of  anhydrous  sesquioxide  (hematitt 
and  hydrated  sesquioxide  of  iron  (iron  rust).  The  anhydrous  oxide  is  the  characteristi 
ingredient  of  this  pigment  and  very  little  of  the  hydrated  oxide  should  be  present.  HydraKi 
sesquioxide  of  iron  is  simply  iron  rust,  and  it  probably  acts  as  a  carrier  of  oxygen  and  acccit 
rates  corrosion  when  it  is  present  in  considerable  quantities.  Mixed  with  the  iron  ore  ar 
various  other  ingredients,  such  as  clay,  ocher  and  earthy  materials,  which  often  form  50  to  7; 
per  cent  of  the  mass.  Brown  and  dark  red  colore  indicate  the  anhydrous  oxide  and  are  coosidcro 
the  best.  Bright  red,  bright  purple  and  maroon  tints  are  characteristic  of  hydrated  oxide  aw 
make  less  durable  paints  than  the  darker  tints.  Car^  should  be  used  in  buyii^  iron  oxWe  t 
see  that  it  is  finely  ground  and  is  free  from  clay  and  ocher. 

Carbon. — The  most  common  forms  of  carbon  in  use  for  paints  are  lampblack  and  graphin 
Lampblack  (specific  gravity  2.6)  is  a  great  absorbent  of  linseed  oil  and  makes  an  excellent  [rigmenl 
Graphite  (black  lead  or  plumbago — specific  gravity  2.4)  is  a  more  or  less  impure  form  of  carhor 
and  when  pure  is  not  affected  by  acids.     Graphite  does  not  absorb  nor  act  chemically  on  lin^i 
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Ml,  so  that  the  varnish  simpty  holds  the  particles  of  pigment  t<q;ether  in  the  same  manner  as  the 
:ern  'nt  in  a  concrete.  There  are  two  kinds  of  graphite  in  common  use  for  paints — the  granular 
ind  the  Rake  graphite.  The  Dixon  Graphite  Co.,  of  Jersey  City,  uses  a  flake  graphite  combined 
irith  silica,  while  the  Detroit  Graphite  Manufacturing  Co.  uses  a  mineral  ore  with  a  large  per- 
^ntage  of  graphitic  carbon  in  granulated  form.  On  account  of  the  Bmall  specific  gravity  of  the 
pigment,  carbon  and  graphite  paints  have  a  very  lai^e  covering  capacity.  The  thickness  of  the 
xmt  is,  however,  correspondingly  reduced.  Boiled  linseed  oil  should  always  be  used  with  carbon 
ligmcnts. 

Mi  Ting  the  Paint. — The  pigment  should  be  finely  ground  and  should  preferably  be  ground  with 
die  oil.  The  materials  should  be  bought  from  reliable  dealers,  and  should  be  mixed  as  wanted. 
If  it  is  not  possible  to  grind  the  paint,  better  results  will  usually  be  obtained  from  hand  mixed 
paints  made  of  first  class  materials  than  from  the  ordinary  run  of  prepared  paints  that  are  supposed 
io  have  been  ground.  Many  ready  mixed  paints  are  sold  for  less  than  the  price  of  linseed  oil, 
which  makes  it  evident  that  little  if  any  oil  has  been  used  in  the  paint.  The  paint  should  be 
thinned  with  oil,  or  it  necessary  a  small  amount  of  turpentine  may  be  added;  however  turpentine 
is  an  adulterant  and  shoidd  be  used  sparingly.  Benzine,  gasoline,  etc.,  ihouid  never  be  used  in  paints, 
ts  the  paint  dries  without  oxidizing  and  then  rubs  off  like  chalk. 

Proportians. — The  proper  proportions  of  pigment  and  oil  required  to  make  a  good  paint 
rary  with  the  different  pigments,  and  the  methods  of  preparing  the  paint;  the  heavier  and  the 
nore  finely  ground  pigments  require  less  oil  than  the  lighter  or  coarsely  ground  while  ground 
;>aints  require  less  oil  than  ordinary  mixed  paints.  A  common  rule  for  mixing  paints  ground  in 
m1  is  to  mix  with  each  gallon  of  linseed  oil,  dry  pigment  equal  to  three  to  four  times  the  specific 
gravity  of  the  pigment,  the  weight  of  the  pigment  i)eing  given  in  pounds.  This  rule  gives  the 
:ollowing  weights  of  pigment  per  gallon  of  lins^  oil:  white  lead,  19  to  26  lb.;  red  lead,  25  to  35  lb.; 
[inc.  15  to  31  lb.;  iron  oxide,  15  to  20  lb.;  lampblack.  8  to  10  lb.;  graphite,  S  to  10  lb.  The  weights 
>f  pigment  used  per  gallon  of  oil  varies  about  as  follows:  red  lead,  30  to  33  lb.;  iron  oxide,  8  to 
i5  lb.;  graphite,  3  to  la  lb. 

CoTonng  Capacity. — -The  covering  capacity  of  a  paint  depends  upon  the  uniformity  and 
thickness  of  the  coating;  the  thinner  the  coating  the  larger  the  surface  covered  per  unit  of  paint. 
To  obtain  any  given  thickness  of  paint  therefore  requires  practically  the  same  amount  6(  paint 
whatever  its  pigment  may  be.  The  claims  often  urged  in  favor  of  a  particular  paint  that  it  has  a 
large  covering  capacity  may  mean  nothing  but  that  an  excess  of  oil  has  been  used  in  its  fabrication, 
^n  idea  of  the  relative  amounts  of  oil  and  pigment  required,  and  the  covering  capacity  of  different 
paints  may  lie  obtained  from  Table  VIII,  Chapter  XIII. 

Light  structural  work  will  average  about  Z50  square  feet,  and  heavy  structural  work  about 
150  square  feet  of  surface  per  net  ton  of  metal. 

It  is  the  common  practice  to  estimate  i  gallon  of  paint  tor  the  first  coat  and  {  gallon  for  the 
Kcond  coat  per  ton  of  structural  steel,  for  average  conditions. 

Applvlii£  tha  Paint— The  paint  should  be  thoroughly  brushed  out  with  a  round  brush  to 
remove  all  the  air.  The  paint  should  be  mixed  only  as  wanted,  and  should  be  kept  well  stirred. 
When  it  is  necessary  to  apply  paint  in  cold  weather,  it  should  be  heated  to  a  temperature  of  130 
to  150  degrees  F.;  paint  should  not  be  put  on  in  freezing  weather.  Paint  should  not  be  applied 
when  the  surface  is  damp,  or  during  foggy  weather.  The  first  coat  should  be  allowed  to  stand  for 
three  or  four  days,  or  until  thoroughly  dry,  before  applying  the  second  coat.  If  the  second  coat 
IS  applied  before  the  first  coat  has  dried,  the  drying  of  the  first  coat  will  be  very  much  retarded. 

Cleaning  the  Surface. — -Before  applying  the  paint  all  scale,  rust,  dirt,  grease  and  dead  paint 
should  be  removed.  The  metal  may  be  cleaned  by  pickling  in  an  acid  bath,  by  scraping  and  brushing 
with  wire  brushes,  or  by  means  of  the  sand  blast.  In  the  process  of  pickling  the  metal  is  dipped 
in  an  acid  bath,  which  is  followed  by  a  bath  of  milk  of  lime,  and  afterwards  the  metal  is  washed 
clean  in  hot  water.  The  method  is  expensive  and  not  satisfactory  unless  extreme  care  is  used  in 
removing  all  traces  of  the  acid.  Another  objection  to  the  process  is  that  it  leaves  the  metal  wet  and 
allows  rusting  to  begin  before  the  paint  can  be  applied.  The  most  common  method  of  cleaning 
is  by  scraping  with  wire  brushes  and  chisels.  This  method  is  slow  and  laborious.  The  method  of 
cleaning  by  means  of  a  sand  blast  has  been  used  to  a  limited  extent  and  promises  much  for  the 
luture.  The  average  cost  of  cleaning  five  bridges  in  Columbus,  Ohio,  in  1903,  was  3  cts.  per  sq. 
It.  of  surface  cleaned.*  The  bridges  were  old  and  some  viece  badly  rusted.  The  painters  followed 
the  sand  blast  and  covered  the  newly  cleaned  surface  with  paint  before  the  rust  had  time  to  form, 

Mr,  Lilly  estimates  the  cost  of  cleaning  light  bridge  work  at  the  shop  with  the  sand  blast  at 
I1.75  pw  ton,  and  the  cost  of  heavy  bridge  work  at  Ji.oo  per  ton.  In  order  to  remove  the  mill 
•cale  it  has  been  recommended  that  rusting  be  allowed  to  start  before  the  sand  blast  is  used.  One 
of  the  advantages  of  the  sand  blast  is  that  it  leaves  the  surface  perfectly  dry.  so  that  the  paint  can 
be  applied  before  any  rust  has  formed. 

'  Sand'BIa^  Cleanii^  of  Structural  Steel,  by  G.  W.  Lilly,  Trans.  Am.  Soc.  C.  E.,  Feb.,  1903. 
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Priming  or  Shop  Coat — Engineere  are  very  much  divided  as  to  what  malKs  tite  beat  primbr 
coat;  some  specify  a  first  coat  of  pure  linseed  oil  and  others  a  priming  coat  of  paint-  Linseed  m 
makes  a  transparent  coating  that  allows  imperfections  in  the  workmanship  and  rusted  sprp 
to  be  eaMly  seen;  it  is  not  permanent  however,  and  if  the  metal  ie  exposed  for  a  long  time  tbe-f 
will  often  be  entirely  removed  before  the  second  coat  is  applied.  It  is  also  claimed  tiiat  the  pai-3 
will  not  adhere  as  well  to  linseed  oil  that  has  weathered  as  to  a  good  paint.  Linseed  oil  gives  bmr 
results  if  applied  hot  to  the  metal.  Another  advantage  of  using  oil  as  a  priming  coat  is  that  Ai 
erection  marks  can  be  painted  over  with  the  oil  without  fear  of  covering  them  up.  Red  lead  pa-r: 
toned  down  with  lampblack  is  probably  used  ihore  for  a  priming  coat  tlian  any  other  point;  lir 
B.  &  O.  R.  R.  uses  lo  oz.  of  lampblack  to  every  13  lb.  of  red  lead.  Linseed  oil  mixed  with  a  aril 
amount  of  lampblack  makes  a  very  satisfactory  priming  or  shop  coat. 

Without  going  further  into  the  controversy  it  would  seem  that  there  is  very  little  choice  betwm 
linseed  oil  and  a  good  red  lead  paint  for  a  priming  coat-  For  data  on  the  standard  shop  paim 
specified  by  different  railroads,  see  digest  of  specifications  in  Chapter  IV. 

FiaishiDg  Coat — From  a  careful  study  of  the  question  of  paints,  it  would  seem  that  ior  ordj- 
nary  conditions,  the  quality  of  the  materials  and  workmanship  is  of  more  importance  in  painti-^ 
metal  structures  than  the  particular  pigment  used.  If  the  priming  coat  has  l»en  proptri 
applied  there  is  no  reason  why  any  good  ^ade  of  paint  composed  of  pure  linseed  oil  and  a  ven 
finely  ground,  stable  and  chemically  non-injurious  pigment  will  not  make  a  very  satisfactory  finL<j- 
ing  coat.  Where  the  paint  is  to  be  subjected  to  the  action  of  corrosive  gases  or  blasts,  howet  e; 
there  is  certainly  Quite  a  difference  in  the  results  obtained  with  the  different  pigments.  T» 
graphite  and  asphalt  paints  appear  to  withstand  the  corroding  action  of  smelter  and  engine  p.-<i 
better  than  red  lead  or  iron  oxide  paints;  while  red  lead  is  probably  better  under  these  conditii:a 
than  iron  oxide.  Portland  cement  paint  or  coal  tar  paint  are  the  only  paints  that  wilt  withsla^ 
the  action  of  engine  blasts. 

To  obtain  the  best  results  in  painting  metal  structures  therefore,  proceed  as  follows:  (i)  pn- 
pare  the  surface  of  the  metal  by  carefully  removing  all  dirt,  grease,  mill  scale,  rust,  etc.,  and  gin 
It  a  priming  coat  oC  pure  linseed  oil  or  a  good  paint — red  lead  seems  to  be  the  most  used  for  tti 
purpose;  (3)  after  the  metal  is  in  place  carefully  remove  all  dirt,  grease,  etc.,  and  apply  the  finishiq! 
coats— ^preferably  not  less  than  two  coats — giving  ample  time  for  each  coat  to  dry  before  appljiJ 
the  next.  The  separate  coats  of  paint  should  be  of  different  colors.  Painting  should  not  be  dpj 
in  rainy  weather,  or  when  the  metal  is  damp,  nor  in  cold  weather  unless  special  precaution-^  jii 
taken  to  warm  the  paint.  The  best  results  will  usually  be  obtained  if  the  materials  arc  purchaa^ 
in  bulk  from  a  responsible  dealer  and  the  paint  ground  as  wanted.  Good  results  are  obtained  nitk 
many  of  the  patent  or  ready  mixed  paints,  but  it  is  not  possible  in  this  place  to  go  into  a  discussk* 
<rf  their  respective  merits. 

ASPHALT  PAINT. — Many  prepared  paints  are  sold  under  the  name  of  asphalt  that  are  mb 
tures  of  coal  tar,  or  mineral  asphalt  alone,  or  combined  with  a  metallic  base,  or  oils.  TTie  end 
compositions  of  the  patent  asphalt  paints  are  hard  to  determine.  Black  bridge  paint  made  4 
£dward  Smith  &  Co.,  New  York  City,  contains  asphaltum,  linseed  oil.  turpentine  and  Kauri  gun 
The  paint  has  a  varnish-like  finish  and  makes  a  very  satisfactory  paint.  The  black  shades  d 
asphalt  paint  are  the  only  ones  that  should  be  used. 

COAL  TAR  PAIKT.— Cnal  tar  paint  is  occasionally  used  for  painting  gas  tanks,  smelters,  an 
similar  structures  that  receive  rough  usage.  Coal  tar  paint  mixed  as  described  below  has  bed 
used  by  the  U.  S.  Navy  Department  for  painting  the  hulls  of  ships.  It  should  give  satisfactctj 
Bervice  where  the  metal  is  subject  to  corrosion.  The  coal  tar  paint  is  mixed  as  follows:  The  pro 
portions  of  the  mixture  are  slightly  variable  according  to  the  original  consistency  of  the  tar.  lb 
use  for  which  it  is  intended  and  the  climate  in  which  it  is  used.  The  proportions  will  vail 
between  the  following  proportions  tn  volume. 

Cool  Tat.     PofUand  Cemcot.     KeroHM  Ol 

New  Orleans  Mixture 8  I  i 

Annapolis  Mixture 16  4  3 

The  Portland  cement  should  first  be  stirred  into  the  kerosene,  forming  a  creamy  mixture 
the  mixture  is  then  stirred  into  the  coal  tar.  The  paint  should  be  freshly  mixed  and  kept  «« 
stirred.  This  paint  sticks  well,  does  not  run  when  exposed  to  the  sun's  rays  and  is  a  very  sail* 
factory  paint  tor  rough  work.  The  cost  of  the  paint  will  vary  from  10  to  20  cts.  per  gallon.  Th 
kerosene  ml  acts  as  a  drier,  while  the  Portland  cement  neutralizes  the  coal  tar. 

If  it  is  desired  to  paint  with  oil  paint  a  structure  which  has  been  painted  with  coal  tar  paint 
the  surface  must  be  scraped  and  all  the  coal  tar  removed. 

CEMENT  AND  CEMENT  PAINT.— Experiments  have  shown  that  a  thin  coating  of  Portland 
cement  is  effective  in  preventing  rust;  that  a  concrete  to  be  effective  in  preventing  rust  must  t* 
dense  and  made  very  wet.  The  stee!  must  be  clean  when  imbedded  in  the  concrete.  There  i 
quite  a  difference  of  opinion  as  to  whether  the  metal  should  be  painted  bef(M«  being  Imbedded  « 
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IT  b  not  to  be  used 
I  CBSential  element. 
ben  the  metal  ie  to  be  imbedded  immediately  it  is  better  not  to  paint  it. 

PortUuid  Cement  Paint. — A  Portland  cement  paint  has  been  used  on  the  High  St.  viaduct  in 
ilumbus,  Ohio,  with  good  results.  The  viaduct  was  exposed  to  the  fumes  and  bksts  from 
^motives,  so  that  an  ordinary  paint  did  not  last  more  than  six  months  even  on  the  least  exposed 
itions.  The  method  of  mixinz  and  applying;  the  paint  is  described  in  Engineering  News, 
jril  34th  and  June  5th,  1903,  asfoUowa:  "  The  surface  of  the  metal  was  thoroughly  cleaned  with 
re  brushes  and  files — ^he  bridge  had  been  cleaned  with  a  sand  blast  the  previous  year.  A  thick 
at  of  Japan  drier  was  then  applied  and  before  it  had  time  to  dry  a  coatit^  was  applied  as  fol- 
ws:  Apply  with  a  trowel  to  the  minimum  thickness  of  ^  in.  and  a  maximum  thickness  c^ 
in.  (in  extreme  cases  )  in.)  a  mixture  of  33  lb.  Portland  cement,  12  lb.  dry  finely  ground  lead,  4 
6  lb.  boiled  linseed  oil,  2  to  3  lb.  lapan  drier."  After  a  period  of  about  two  years  the  coatiiw 
IS  in  almost  perfect  condition  and  the  metal  under  the  coating  was  as  clean  as  when  paintecL 
X  cost  of  the  coating  including  the  hand  cleaning,  materials  and  tabor  was  6  cts,  per  sq.  ft. 

INSTRUCTIONS  FOR  THE  MILL  INSPECTION  OF  STRUCTURAL  STEEL.* 


(2}  Secure  copies  of  the  mill  orders,  shipping  directions  and  other  information  concerning  the 
aterial  to  be  inspected. 

(3)  Attend  [M^mptly  when  notified  of  the  rolling  of  material  and  so  conduct  the  inspection 
id  tests  as  not  to  interfere  unnecessarily  with  the  operations  of  the  mill. 

(4)  Have  the  test  specimens  prepared  and  properly  stamped  with  the  melt  numbers  by  the 
anuiacturer.  Observe  the  selection  and  stampii^  of  specimens  and  verify  the  melt  numbers 
hen  practicable. 

(5)  Attend  an 
eating  machini_.  ..  .  ,     ,  .    ^  _ _ ^ ^ 

the  behavior  of  the  metal  and  check  and  record  the  results  of  the  ti 

(6)  Select  the  bars  or  other  members  for  full-size  tests  as  specified.  Supervise  such  test* 
dd  check  and  record  their  results. 

(7)  Secure  from  the  manufacturer  records  of  the  chemical  analyses  of  the  melts  and  accept 
oly  those  in  which  the  specified  contents  of  impurities  are  not  exceeded. 

(8)  Secure  pieces  of  the  test  ingots  and  test  specimens  and  have  check  analyses  made  outside 
f  the  manufacturers'  laboratory  when  the  analyses  furnished  by  the  manufacturer  are  erratic  <»* 
>r  any  other  reason  appear  to  be  incorrect. 

(9)  Examine  each  piece  of  finished  material  for  surface  defects  before  shipment,  requirinz 
M  material  to  be  handled  in  a  manner  that  will  permit  the  examination  to  oe  thorough  and 
:implete.  This  inspection  should  detect  evidence  of  excessive  gagging  or  other  injury  due  to 
M  straightening. 

(10)  Re_port  promptly  the  shipment  of  any  material  from  the  mill,  whoee  surface  inspection 
as  been  waived.     Such  material  should  be  examined  by  the  shop  inspector. 

ill)  Verify  the  section  of  all  material  by  measurement  and  by  weight. 
13)  Study  the  operations  of  the  plant  and  become  familiar  with  the  various  processes  of 
laoufacture. 

Cultivate  the  acquaintance  of  the  mill  employees  atid  become  familiar  with  their  work  so  as 
3  have  direct  knowledge  of  the  mill  practice  and  determine  as  well  as  the  circumstances  permit 
Ik  correctness  of  the  mill  practice  in  so  far  as  it  is  covered  bv  the  specifications. 

iI3)   Record  all  tests  and  analyses  on  the  forms  provided. 
14)  Keep  informed  as  to  the  progress  of  the  work  in  the  shop  and  endeavor  to  secure  the 
Upment  of  material  at  such  times  and  in  such  order  as  to  avoid  delay  in  the  fabrication. 

(15)  Secure  copies  of  the  shipping  lists  and  compare  them  with  the  orders  and  make  regular 
Utements  of  the  material  that  has  been  rolled  and  shipped. 

(16)  Make  reports  weekly  or  as  may  be  directed,  submitting  complete  records  of  tests, 
•oalyses  and  shipments  and  such  other  information  as  may  be  required. 

'American  Railway  Engineerii^  Association,  Adopted,  Vol.  14,  1913. 
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(i)  Acquire  a  full  knowledge  of  the  conditions  of  the  contract,  such  as  the  time  of  deli' 
the  railway  company's  actual  need  of  the  work,  the  desired  order  of  shipment,  and  any  spedi 
features  in  connection  with  delivery  such  as  the  position  of  the  girders  or  truss  members  on  ct- 
at  the  bridge  site. 

(2}  Study  in  advance  the  plans  and  specifications  and  see  that  all  provisions  thereof  n 
complied  with.     These  instructions  are  not  be  construed  as  altering  the  specifications  in  any  «i' 

Check  every  finished  member  against  the  drawings  for  its  general  dimensions  and  lor :: 
sectbn  of  each  piece  of  material  forming  a  component  part  of  the  member. 

{3)  Endeavor  to  maintain  pleasant  relations  with  foremen  and  the  workmen  and  by  faiine^ 
decisiveness  and  good  sense  interest  them  in  the  successful  completion  of  the  work. 

(4)  Attend  constantly  to  the  work,  making  inspection  during  the  progress  of  the  work  in  tl 
shop,  striving  to  keep  up  with  the  output  in  order  that  errors  may  be  corrected  before  the  mr 
leaves  the  shop. 

Attend  the  weighing  of  material  whenever  practicable,  especially  that  purchased  on  wci^I 
basis.     Check  the  accuracy  of  the  scales  with  test  weights  or  by  other  sufficient  means. 

Conduct  the  inspection  so  as  not  to  interfere  unnecessarily  with  the  routine  operations  of  il; 

(5)  When  unusual  circumstances  require  an  explanation  of  the  plans  or  some  variation  lr>: 
the  specified  procedure,  take  the  necessary  action  promptly.  I 

(6)  Study  the  field  connections,  paying  particular  attention  to  clearances  and  making  OilJ 
tions  on  the  drawings  so  that  they  may  be  checked  rapidly.  1 

(7)  Check  all  bevels  and  field  rivet  holes.  I 

(8)  Give  careful  attention  to  the  quality  of  the  workmanship,  the  condition  of  the  pli'".| 
material,  accuracy  of  punching,  care  in  assembling,  alignment  of  rivets,  tightness  of  rivets,  1  ■{ 
curacy  of  finishing  of  machined  joints,  painting  and  general  finish.  j 

(g)  Make  sure  that  reamed  holes. are  truly  cylindrical  and  that  drillings  are  not  allowed  ^ 
remain  between  assembled  parts. 

(10)  Watch  for  benda,  kinks,  and  twists  in  the  finished  members  and  make  certain  that  uliil 
leaving  the  shop  they  are  in  proper  condition  for  erection.  I 

(11)  Make  sure  that  the  webs  of  girders  do  not  project  beyond  the  flange  angles  and  that  l^ 
depth  of  web  below  the  flange  angles  complies  with  the  specification. 

(12)  Allow  only  the  material  rolled  and  accepted  for  the  work  to  be  used  therein. 

(13)  Have  the  fabricated  material  shipped  in  the  correct  order  for  erection  and  in  accord^n.t 
with  instructions,  as  far  as  practicable. 

(14)  Measure  the  width  of  each  column  and  the  lengths  of  all  girders  between  columns  «b" 
they  are  to  be  placed  consecutively  in  a  lon^  row  so  as  to  insure  that  the  columns  and  girders  uil 
not  "  build  out  "  in  erection,  so  as  to  exceed  the  calculated  length. 

(15)  Check  "  rights  "  and  "  lefts  "  and  make  sure  that  the  proper  number  of  each  is  shipf' 

(16)  Check  base  plates  of  girders  before  riveting  and  make  sure  that  the  camber  is  1^1 
reversed. 

(17)  Check  the  space  provided  for  driving  field  rivets,  allowing  sufficient  space  for  th 
penumatie  riveter. 

(18)  Examine  field  connections  after  riveting  to  insure  proper  fitting  and  ease  of  erecii  ■" 
(ig)   Make  sure  that  shop  splices  are  properly  fitted  and  that  matched  and  milled  surfdni 

to  transmit  bearing  arc  in  close  contact  dunng  riveting  as  specified. 

(30)  Examine  and  measure  bored  pinholes  carefully  to  insure  proper  dimensions  and  spaclnj 
and  smoothness  of  finish. 

(31)  Measure  the  spacing  center  to  center  of  the  end  connections  for  sections  of  I-U'3i 
floors  or  any  similar  construction  in  which  the  calculated  spacing  is  liable  to  be  exceeded  becaua 
of  the  tendency  of  such  work  to  "  grow  "  as  it  is  assembled. 

(22)  Make  sure  that  stringers  connecting  to  floorbeams  beneath  the  flange  have  suliici<r[ 
clearance  to  care  for  their  possible  over-run  in  depth. 

(23)  Have  the  assembling  of  trusses  and  girder  spans  required  by  the  specifications  cartfulli 
done  and  in  any  case  insure  the  accuracy  of  field  connections.  If  a  large  number  of  duptiiJ:: 
parts  arc  lobe  made,  the  number  of  parts  to  be  assembled  should  begovernedby  the  workman?^!^ 
If  errors  are  found,  a  sufficient  number  of  parts  should  be  assembled  to  make  it  reasonably  certdii 
that  such  errors  have  been  eliminated. 

Have  through  girder  spans  with  I-beam  floors  partially  assembled  and  at  least  one  bractii 
bolted  in  its  final  position. 

•  American  Railway  Engineering  Association,  Adopted,  Vol.  14,  1913,  and  Vol.  15,  1914. 
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Have  a.t  leaat  one  upper  and  lower  shoe  of  each  Idnd  aagembled  and  loake  sure  that  there  in 
no  interference. 

(34)  Make  sure  that  iron  templetB  used  for  reaming  are  properly  set  and  held  to  line. 

(25)  Secure  match- marking  diagrams  for  work  which  has  been  assembled  and  reamed  and 
make  sure  that  the  match  marks  are  plainly  visible. 

(36)  Have  proper  camber  blocking  used  in  assemblii^  trusses  and  secure  the  deured  camber 
before  the  reanui^  is  done. 

(37)  Require  that  all  treads  and  supports  for  the  drums  of  draw  spans  be  carefully  leveled 
with  an  instrument. 

(38}  Study  carefully  the  machine  details  and  discriminate  between  those  dimen»ons  which 
must  be  exact  and  those  in  which  slight  variations  are  permissible. 

Detennine  in  advance  the  desired  accuracy  of  drivii^  fits  for  bolts  or  keys  and  similar  parts 
and  make  sure  that  such  accuracy  is  attained. 

(29)  Examine  castings  carefully  for  blowholes  and  other  imperfections  and  discriminate 
between  such  defects  as  are  unimportant  and  those  which  render  the  castings  unfit  for  use. 

(30)  Make  sure  that  bushings,  collars  and  similar  parts  are  held  securely  in  place. 

(31)  Make  sure  that  all  drum  wheels,  expansion  rollers,  turntable  rollers  and  similar  parts 
are  exact  in  size,  so  as  to  carry  equally  the  loads  which  may  be  placed  upon  them. 

(32)  Ascertain  in  advance  that  the  paint  provided  complies  with  specifications.  Watch 
carefully  the  painting  directions  and  make  sure  that  paint  is  properly  applied  and  only  where 
intended. 

(33)  Verify  all  shop  marks  and  make  sure  that  they  are  legible  as  well  as  correct. 

C34)  Have  important  members  so  loaded  as  to  be  headed  in  the  right  direction  upon  arrival 
at  the  site  of  the  work. 

(35)  "^T  a  few  countersunk  head  bolts  in  the  holes  where  they  are  to  be  used  to  insure  a 
proper  fit. 

(36)  Make  sure  that  small  (Mecca  are  bolted  in  place  for  shipment  as  shown  on  the  plans  and 
that  other  small  parts  are  properiy  boxed  or  otherwise  secured  against  loss. 

(37)  Make  sure  that  rivets,  tie  rods,  anchor  bolts  and  miscellaneous  parts  are  shipped  so  as 
to  avoid  delay  m  erection. 

g8)   Examine  the  field  rivets  to  insure  that  they  are  free  from  fins  or  other  defects. 
9)   Exercise  special  care  in  the  examination  of  alt  movable  structures  and  particularly  their 
moving  parts. 

(40)  Make  reports  weekly  or  as  directed,  exhibitii^  carefully  and  concisely  the  actual  con- 
ditions. 

(41)  Observe  carefully  and  report  such  unusual  difliculties  as  may  be  encountered  and  the 
means  adopted  in  overcoming  them,  and  endeavor  by  a  study  of  the  details  or  other  means  to 
make  recommendations  which  will  prevent  their  recurrence  in  future  work. 

HISCBUANBOnS  fifETALS.— The  physical  properties  of  the  following  metals  depend 
upon  whether  they  are  cast,  rolled,  or  drawn,  and  upon  the  details  of  manufacture,  and  the  values 
given  are  therefore  approximate. 

Alitminum  has  a  specific  gravity  of  a. 58  to  3.J,  The  ultimate  tensile  strength  per  sq.  in.  is 
about  15,000  lb.  for  cast,  34,000  lb.  for  sheet,  and  30,000  to  65,000  lb.  for  aluminum  wire.  The 
clastic  limit  is  about  }  the  ultimate  strength.  The  modulus  of  elasticity  is  about  11,000,000  lb. 
per  sq.  in.     Aluminum  is  used  in  engineering  construction  principally  in  the  form  of  an  alloy. 

Copper  has  a  specific  gravity  of  8.5  to  8.9.  The  ultimate  tensile  strength  varies  from  36,000 
to  40,000  lb.  per  sq.  in.  for  soft  copper  wire  with  an  elongation  in  lo  in.  of  35  to  ao  per  cent;  to 
49.000  to  67,000  lb.  per  sq.  in.  for  hard-drawn  copper  wire  with  an  elongation  varying  from  3.75 
per  cent  in  io  in.,  to  an  elongation  of  0.85  per  cent  in  60  in.  Copper  is  also  used  in  an  alloy  with 
other  metals. 

Zinc,  or  spelter,  has  a  specific  gravity  of  about  7.00.  The  ultimate  tennle  strength  per  aq.  in. 
varies  from  3000  to  8000  lb.     It  is  used  for  galvanizii^  and  for  malrii^  alloys. 

Nickel  has  a  specific  grawty  of  about  8.8.     Nickel  is  used  principally  in  alloys. 

Tin  has  a  specific  gravity  of  about  7.35.  Tin  is  used  as  a  covering  for  iron  and  steel  sheets  and 
in  alloys. 

Ixad  has  a  specific  gravity  of  about  1 1.4.     Lead  is  very  plastic  and  flows  easily  under  stress. 

ALLOTS. — An  alloy  is  a  combination  of  two  or  more  metals  made  by  miring  them  when  in  a 
molten  condition.  Alloys  are  commonly  mechanical  mixtures;  although  some  have  a  slight  chem- 
ical union.    The  properties  of  alloys  depend  not  only  upon  the  ingredients,  but  upon  the  method  and 
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details  of  manufacture.  It  is  impossible  to  predict  the  properties  of  an  alloy  from  the  propertiB 
of  the  metals  formii^  it.  Many  alloys  are  sold  under  trade  names  in  which  the  properties  deptDJ 
both  on  the  proportions  of  the  ingredients  and  upon  the  details  of  manufacture.  The  most  ir 
portant  alloys  used  by  the  structural  engineer  are  as  follnwa: 

Brass  is  an  alloy  of  copper  and  rinc  in  which  the  copper  varies  from  6o  to  S9  per  cent,  am! 
the  zinc  from  40  to  II  percent.  A  Bmall  amount  of  tin  is  sometimes  added  to  make  the  brass  m 
easily  worked.  The  tenmie  strength  of  brass  is  greatest  (about  50,000  lb.  per  sq.  in.)  when  ttr. 
compoution  is  about  63  per  cent  copper  and  38  per  cent  zinc;  and  the  ductility  and  malleabiJin 
are  greatest  when  the  composition  is  about  70  per  cent  copper  and  30  per  cent  linc.  A  widely  usnt 
brass  haa  }  copper  and  i  zinc. 

Delta  metal  is  brass  with  I  to  3  per  cent  iron.  The  tensile  strength  of  delta  metal  is  aboai 
45,000  lb.  per  aq.  in. 

Tobin  bronze  is  brass  with  i  to  3  per  cent  iron,  and  small  amounts  of  lead  and  tin, 

Bronaes  arc  alloys  of  copper  and  tin  or  of  capper,  zinc  and  tin,  and  usually  have  »»»all  qua£- 
tities  of  other  metals.     Bronzes  having  more  than  34  per  cent  tin  are  too  weak  to  be  used, 
tenule  strength  is  greatest  (23,000  lb.  per  sq.  in.)  when  the  composition  is  about  So  per  cent  cc 

Phosphor  broiae  is  an  alloy  of  copper  and  tin  containing  4  to  I  per  cent  phosphorus.      It  make 
excellent  castings  and  is  very  hard.     The  ultimate  tenule  strength  varies  from  50,000  to  ii 
lb.  per  sq.  in. 

Aluminum  brome  is  an  alloy  having  5  to  10  per  cent  aluminum  and  95  to  So  per  cent  i^ 
The  tensile  streni^b  varies  from  75,000  to  100,000  lb.  per  sq.  in. 

ilangantse-brome  as  specified  by  the  American  Society  for  Testing  Materials  t 
copper  55  to  65  per  cent,  zinc  39  to  45  per  cent,  iron  not  over  2  per  cent,  tin  not  over  2  per  ct-m. 
aluminum  not  over  0.5  per  cent,  manganese  not  over  0.5  per  cent.  The  ultimate  tensile  Btreng;!i 
of  standard  test  pieces  cut  from  manganese-bronze  ingots  shall  not  be  less  than  70,000  lb.  per  sq.  in 
with  an  elongation  in  3  in.  of  not  less  than  20  per  cent. 

TIMBER. — For  definitions  of  terms,  standard  defects,  specifications  and  allowable  stiesa 
in  timber,  see  Chapter  VII. 

STONE  HASONRT. — For  definitions  of  terms  used  in  masonry  rttnstmction  and  for  speci- 
fications for  different  classes  of  stone  masonry,  see  Chapter  VI. 

For  the  allowable  pressure  on  masonry,  see  Table  IV,  Chapter  V,  and  for  the  weight,  specific 
gravity  and  crushing  strength  of  ntasonry,  see  Table  V,  Chapter  Vj  also  see  Table  VIII,  Cbapla 
II.     For  an  exhaustive  treatise  on  brick  and  stone  masonry  see  Baker's  "  Masonry  Construction." 

CONCRETE. — The  average  strengths  of  different  mixtures  of  Portland  cement  concrete  a 
given  in  Report  of  the  Committee  on  Reinforced  Concrete  (rf  the  American  Society  of  Crrf 
Engineers,  1913,  are  given  in  Table  II. 

TABLE  II. 
Strbngtb  of  Portland  Cement  Concketb. 

Aggregate                                                    i:i:j  mig  1:24  i;2j:5  1:3* 

Granite,  trap  rock                                                    3300  2600  2200  1800  1400 

Gravel,  hard  limestone  and  hard  sandstone          3000  3500  2000  1600  130a 

Soft  limestone  and  sandstone                                2200  j8oo  1500  t2oo  lOoo 

Cinders                                                                         800  700               600  500  400 

Specifications  for  concrete  are  given  in  Chapter  V,  and  specifications  for  reinfotrad  concrete 
are  given  in  Chapter  VI. 

Working  Stressea. — The  following  working  stresses  have  been  recommended  by  the  Aniericao 
Railway  Engineering  Association  for  concrete  that  will  develop  an  average  compressive  atrengti 
of  at  least  2000  lb.  per  sq.  in.  when  tested  in  cylinders  8  in.  in  diameter  and  16  in.  long  and  28  da)-« 
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old,  under  laboratory  conditiooB  of  maaufacture  and  storage,  the  mixture  bang  of  the  nine  con- 
sistency as  is  used  in  the  field. 

Lb.  nr 

Stniirtuial  steel  in  tension 14,000 

High  carbon  steel  in  tension 17.000 

Steel  in  compression,  15  times  the  compressive  stress  in  the  surrounding  concrete. 

Concrete  in  bearing  where  the  surface  is  at  least  twice  the  loaded  area 700 

Concrete  in  direct  compression,  without  reinforcement  on  lengths  not  exceeding  6  times 

the  least  width 450 

Concrete  in  direct  compresflion  with  not  less  than  1  per  cent  nor  over  4  per  cent  loi^tudinal 

reinforcement  on  lengths  not  exceeding  13  times  the  least  widtli 490 

Concrete  in  compression,  on  extreme  fiber  in  cross  bending 750 

Concrete  in  shear,  uncombined  with  tension  or  compression  in  the  concrete I30 

Concrete  in  shear,  where  the  shearing  stress  is  used  as  a  measure  of  the  web  stnss 40 

Note, — The  limit  of  shearing  stresses  in  the  concrete,  even  when  tboroi^Uy  reinforced 

for  shear  and  diagonal  tenuon,  should  not  exceed I30 

Bond  for  plain  bars So 

Bond  for  drawn  wire 40 

Bond  for  deformed  bars,  depending  on  the  form 100-150 

The  following  working  stresses  have  been  recommended  by  the  Committee  on  Concrete  and 
Reinforced  Concrete  d  the  American  Society  of  Civil  Engineers,  Proceedings,  vol.  XXXIX, 
February,  1913. 

Pet  cent  of  com-  Lb.  ni 

pn«lve  itnnctll  ■>!-  id. 

Structural  steel  in  tension 16,000 

Concrete  in  compressbn  where  the  surface  is  at  least  twice  the  loaded  area  33,5 
Concrete  for  concentric  compression  on  a  plain  concrete  column  or  pier,  the 

length  of  which  does  not  exceed  13  diameters 32.5 

Compression  on  columns  with  longitudinal  reinforcement  only,  to  the 
extent  of  not  less  than  I  per  cent  and  not  more  than  4  per  cent;  the 

length  ol  the  column  shall  not  exceed  13  diameters 33.5 

Compre^on  on  columns  with  reinforcement  of  bands,  hoops  or  spirate 
having  not  less  than  1  per  cent  of  the  volume  of  the  column,  the  clear 
spacing  of  the  hooping  to  be  not  greater  than  one-sixth  of  the  diameter 
of  the  encased  column  and  preferably  not  greater  than  one-tenth,  and 
in  no  case  more  than  2\  in.,  the  ratio  of  the  unsupported  length  of 

column  to  diameter  of  hooped  core  to  be  not  more  than  8 37 

Compresuon  on  columns  reinforced  with  not  less  than  i  per  cent  and  not 
more  than  4  per  cent  of  longitudinal  bars  and  with  bands,  hoops  or 
spirals  as  above  specified,  where  the  ratio  of  unsupported  length  of 

column  to  diameter  of  hooped  core  is  not  more  than  8 33.695 

Compression  on  extreme  ftber  of  a  beam,  calculated  for  constant  modulus 
of  elasticity  (stresses  adjacent  of  the  supports  of  continuous  beams 

may  be  15  per  cent  higher) 33.5 

Shear  in  beams  with  horizontal  reinforcement  or  without  reinforcement  ...      3 
Shear  in  beams  thoroughly  reinforced  with  web  reinforcement  (the  web 
reinforcement  excluuve  of  bent-up  bars  to  be  designed  to  resist  two- 
thirds  the  external  shear) 6 

Shear  in  beams  reinforced  with  bent-up  bars,  only 3 

Punching  shear,  only 6 

Bond  stress  between  concrete  and  plain  reinforcing  bars 4 

Bond  stress  between  concrete  and  drawn  wire 3 

The  modulus  of  elasticity  to  be  taken  for  the  deugn  as  follows: 

(a)  One-fifteenth  that  of  steel  where  the  strength  of  the  concrete  is  taken  as  3300  lb.  persq.  in.| 

or  less. 
(6)  One-twelfth  that  of  steel  where  the  strength  of  the  concrete  is  taken  greater  than  2200  lb. 
sq.  in.  or  less  than  2900  lb.  per  sq.  in- 
nth  that  of  steel  where  the  strength  of  concrete  is  taken  as  greater  than  3900  lb. 


(c)  One-tenth  that  of  steel  where  the  strength  of 

per  sq.  in. 
In  cakulating  deSection  take  one-^bth  of  the  modulus  of  elasticity  of  steel. 
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STANDARD  SPECIFICATIONS  FOR  CEMENT 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  i6,  1909. 
I.  Geaml  Obserratioiis.    These  remarks  have  been  prepared  with  a  view  of  jMnntin^  out 
the  pertinent  features  ol  the  various  requirements  and  the  precautions  to  be  observed  in  the  inter- 
pretation of  the  results  of  the  tests. 

3.  The  Committee  would  suggest  that  the  acceptance  or  rejection  under  these  specifications 
be  based  00  teats  made  by  an  experienced  person  having  the  proper  means  for  making  the  tests. 

3.  Specific  Granty.  Specilic  gravity  is  useful  in  detecting  adulteration.  The  results  01 
tests  of  specilic  gravity  are  not  necessarily  conclusive  as  an  indication  of  the  quality  of  a  cement, 
but  when  in  combination  with  the  results  of  other  tests  may  afford  valuable  indications. 

4.  Fineness.     The  sieves  should  be  kept  thoroughly  dry. 

5.  Time  of  Setting.  Great  care  should  l>e  exercised  to  maintain  the  test  pieces  under  as 
uniform  conditions  as  possible.  A  sudden  change  or  wide  range  of  temperature  in  the  room  in 
which  the  tests  are  made,  a  very  dry  or  humid  atmosphere,  and  other  irregularities  vitally  a^eci 
tlie  rate  of  setting. 

6.  Constancy  of  Voltuns.  The  tests  for  constancy  of  volume  are  divided  into  two  classes, 
the  first  normal,  the  second  accelerated.  The  latter  should  be  re^rded  as  a  precautionary  test 
only,  and  not  infallible.  So  many  conditions  enter  into  the  making  and  interpreting  of  it  that 
it  should  be  used  with  extreme  care. 

7.  In  making  the  pats  the  greatest  care  should  be  exercised  to  avoid  initial  strains  due  to 
molding  or  to  too  rapid  dryii^-out  durii^  the  first  twenty-four  hours.  The  pats  should  be  pre- 
served under  the  most  uniform  conditions  possible,  and  rapid  changes  of  temperature  should  be 
avoided. 

8.  The  failure  to  meet  the  requirements  of  the  accelerated  tests  need  not  be  sufficient  cause 
for  rejection.  The  cem:^nt  may,  however,  be  held  for  twenty-eight  days,  and  a  retest  made  at  the 
end  of  that  period,  using  a  new  sample.  Failure  to  meet  the  requirements  at  this  time  should  be 
considered  sufficient  cause  for  rejection,  although  in  the  present  state  of  our  knowledge  it  cannot 
be  said  that  such  failure  necessarily  indicates  unsoundness,  nor  can  the  cement  be  consider^ 
entirely  satisfactory  umply  because  it  passes  the  tests. 

SPECIFICATIONS. 

1.  General  Conditions.     All  cement  shall  be  inspected. 

2.  Cement  may  be  inspected  either  at  the  place  of  manufacture  or  on  the  work. 

3.  In  order  to  allow  ample  time  for  inspecting  and  testing,  the  cement  should  be  stored  in  a 
suitable  weather-tight  building  having  the  floor  properly  blocked  or  raised  from  the  ground. 

4.  The  cement  shall  be  stored  in  such  a  manner  as  to  permit  easy  access  for  proper  inspection 
and  identification  of  each  shipment. 

5.  Every  facility  shall  be  provided  by  the  Contractor  and  a  period  of  at  least  twelve  daj-s 
allowed  for  the  inspection  and  necessary  tests. 

6.  Cement  shall  be  delivered  in  suitable  packages  with  the  brand  and  name  of  manufacturer 
plainly  marked  thereon. 

7.  A  bag  of  cement  shall  contain  94  pounds  of  cement  net.  Each  barrel  of  Portland  cement 
shall  contain  4  bags,  and  each  barrel  of  natural  cement  shall  contain  3  baesof  the  above  net  weight. 

8.  Cement  failing  to  meet  the  seven-day  requirements  may  be  held  awaiting  the  results  of 
the  twenty-eight -day  tests  before  rejection. 

9.  All  tests  shall  be  made  in  accordance  with  the  methods  proposed  by  the  Committee  on 
Uniform  Tests  of  Cement  of  the  American  Society  of  Civil  Engineers,  presented  to  the  Society 
January  31,  1903,  and  amended  January  30, 1904,  and  January  15,  190S,  with  all  subsequent  amena-  . 
ments  thereto.     (See  addendum  to  these  specifications.) 

10.  The  acceptance  or  rejection  shall  be  based  on  the  following  requirements: 

NATURAL  CEMENT. 

11.  Definition.  This  term  shall  be  applied  to  the  Rnely  pulverized  product  resultii^  from 
the  calcination  of  an  ar^llaceoua  limestone  at  a  temperature  only  sufficient  to  drive  off  the  carbonic 

12.  Fineness.  It  shall  leave  by  weight  a  residue  of  not  more  than  lopercent  on  the  No.  100, 
and  30  per  cent  on  the  No.  300  sieve. 
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13.  Tlma  of  Settlac.  It  shall  not  develop  initial  set  in  less  than  ten  minutes;  and  shall  not 
levelop  bard  set  in  less  than  thirty  minutes,  or  in  more  than  three  hours.  * 

14.  Tenale  StmigdL  The  minimum  requirements  for  tensile  strength  for  briquettes  one 
quare  inch  in  cross  section  shall  be  as  follows,  and  the  cement  shall  show  no  retrogression  in 
itrength  within  the  periods  specified: 

Age.  Neat  CemeiU.  SIrentth. 
24  hours  in  mmat  air 75  lb. 

7  days  (1  day  in  rodst  air,    6  days  in  water) 150  " 

28day8(i    "  "      "    a?     "  "     ) 250" 

On«  Pan  Cemmt,  Three  Paris  Standard  OUawa  Sand. 

7  days  (i  day  in  moist  air,    6  days  in  water) 50  lb. 

38day3(i    "  "      "    27     ''  "     ) 125" 

15-  Conatancj  of  Volume.  Pats  of  neat  cement  about  three  inches  in  diameter,  one-half 
inch  thick  at  center,  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  twenty-four 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature. 

(6)  Another  is  kept  m  water  maintained  as  near  70°  F.  as  practicable. 

16-  These  pats  are  observed  at  intervals  for  at  least  38  days,  and,  to  satisfactorily  pass  tbe 
tests,  shall  remain  firm  and  hard  and  show  no  signs  of  distortion,  checking,  cracking,  or  distnte- 
jratii^.  » 

PORTLAND   CEMENT. 

17.  Definition.  This  term  ia  applied  to  the  finely  pulverized  product  resulting  from  the 
::a1cination  to  incipient  fusion  of  an  intimate  mixture  of  properly  proportioned  argillaceous  and 
^^Icareous  materials,  and  to  which  no  addition  greater  than  3  per  cent  has  been  made  subsequent 
to  calcination. 

18.  Specific  Oravity.  The  specific  gravity  of  cement  shall  not  be  less  than  3.10.  Should  the 
test  of  cement  as  received  fall  below  this  requirement,  a  second  test  may  be  made  upon  a  sample 
ignited  at  a  low  red  heat.     The  loss  in  weight  of  the  ignited  cement  shall  not  exceed  4  per  cent, 

1 9.  FinenesB.  It  shall  leave  by  weight  a  residue  of  not  more  than  8  per  cent  on  the  No.  100, 
and  not  more  than  25  per  cent  on  the  No.  200  sieve. 

20.  Time  of  Setting.  It  shall  not  develop  initial  set  in  less  than  thirty  minutes;  and  must 
develop  hard  set  in  not  less  than  one  hour,  nor  more  than  ten  hours. 

21.  Tensile  Strength.  The  minimum  requirements  for  tensile  strength  for  briquettes  one 
square  inch  in  cross  section  s'lati  be  as  follows,  and  the  cement  shall  show  no  retri^ression  in 
strength  within  the  periods  specified: 

Age.  Neat  Cement.  Stren^k. 
24  hours  in  moist  air 175  lb. 

7  days  (i  day  in  moist  air,    6  days  in  water) 500  " 

a8days(l     "  "       "     27     "  "      ) 60O  " 

One  Pari  Cement,  Three  Parts  Standard  Ottawa  Sand. 

7  days  (I  day  in  mmst  air,    6  days  in  water) 200  lb. 

28  days  (I    "  '■      "     27    "  "     ) 275" 

22.  CooBbmcy  of  Volume.  Pats  of  neat  cement  about  three  inches  in  diameter,  one-half 
inch  thick  at  the  center,  and  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  twenty- 
four  hours. 

(a)  A  pat  Is  then  kept  in  air  at  normal  temperature  and  observed  at  intervals  for  at  least  28 

(6)  Another  pat  is  kept  in  water  maintained  as  near  70'  F.  as  practicable,  and  observed  at 
intervals  for  at  least  26  days. 

(c)  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of  steam,  above  boiling 
water,  in  a  loosely  closed  vessel  for  five  hours. 

23.  These  pats,  to  satisfactorily  pass  the  retjuirements,  shall  remain  firm  and  hard,  and  show 
no  signs  of  distortion,  checking,  cracking,  or  disintegrating. 

24-  Sulphuric  Add  and  Maeneaia.  The  cement  shaQ  not  contain  more  than  1.75  per  cent 
of  anhydrous  sulphuric  acid  (SOi),  nor  more  than  4  per  cent  of  magnesia  (MgO). 
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CHAPTER  XVI. 

Structural  Mechanics. 

GBHERAL  ITOHENCLATDICE.— The  following  nomenclature  will  be  used  for  all  materials 
xcept  reinforced  concrete,  for  which  a  special  notation  is  given. 

A  "  area  of  cross  section. 

t  —  length  or  span. 

L  =  length  or  span. 

b  —  breadth  of  rectangular  section. 

d  '  depth  of  section;  diameter  of  rivet, 
t  =  thickness  of  plates,  etc. 

R  =  radius  of  circle. 

D  =  diameter  of  circle. 

k  >■  height  of  wall. 

c  ~  distance  from  neutral  axi 

A  =  total  deformation  in  length  I,  c 

S  =  unit  deformation. 

X  —  horizontal  coordinate  of  elastic  curve;  variable. 

y  =  vertical  coordinate  or  deflection  of  elastic  curve;  variable. 

e  =  eccentricity;  efficiency. 

/  ^  moment  of  inertia. 

Jg  =  polar  moment  of  inertia. 

/  =  product  of  inertia. 

S  =  section  modulus. 

r  —  radius  of  gyration. 

p  —  pitch  of  rivets. 

P  —  concentrated  load  or  total  stress  in  a  fflember. 

/  =  unit  fiber  stress. 

/.  —  unit  compreswve  fiber  stress. 

f,  —  unit  tensile  fiber  stress. 

/,  ■•  unit  shearing  fiber  stress. 

IV  =  total  uniformly  distributed  load;  weight  of  a  body. 

■w  =  uniformly  distributed  load  per  unit  of  length;  load  per  unit  of  length  at  a  distance 
unity  from  left  end  for  a  uniformly  varyii^  load;  unit  internal  pressure. 

R  —  reactions  at  supports. 
Ml  •>  moment  at  any  section. 
.  M  =•  maximum  moment- 

Vi  ■•  total  shear  on  any  section. 

V  =  niaximum  total  shear. 

E  =  modulus  of  elasticity. 

C  "  shearing  modulus  of  elasticity. 

\  ••  P<MS8on's  ratio. 

+  ■■  compressive  stress. 
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REIITFORCED   COITCRETB    NOMEnCLATDSB.      RectucnUT  Bmuu^  Ronforced  fit 
Tension  Only. 

/.  —  tensile  unit  stress  in  steel,  in  pounds  per  square  inch. 

/o  —  compressive  unit  stress  in  concrete,  in  pounds  per  square  inch. 
E,  —  modulus  of  elasticity  of  steel,  in  pounds  per  square  inch. 
Ea  —  modulus  of  elasticity  of  concrete,  in  pounds  per  square  inch. 

n  "  elasticity  ratio,  E.  +  E,. 
M  »  bending  moment,  in  inch-pounds. 
M,  ~  moment  of  resistance  of  steel,  in  inch-pounds. 
M,  —  moment  of  resistance  of  concrete,  in  inch-pounds. 
.  A  —  area  of  steel  section,  in  square  inches. 

h  =  width  of  beam,  in  inches. 

d  —  depth  of  beam  to  center  of  steel  reinforcement,  in  inches. 

k  "  ratio  of  depth  of  neutral  axis  to  effective  depth,  d. 

j  ••  ratio  of  arm  of  resisting  couple  to  depth,  d. 

p  —  steel  ratio  (not  percentage),  A  -i-  bd. 

C  —  total  compressive  stress  in  concrete,  in  pounds. 

T  =  total  tensile  stress  in  steel,  in  pounds. 
Tee  Beams. 

b  ^  width  of  flange,  in  inches. 

b'  "  width  of  stem,  in  inches. 

t  =  thickness  of  flange,  in  inches. 

p  —  steel  ratio  (not  percentage),  A  +  bd. 
See  also  "  Rectangular  Beams  Reinforced  for  Tension  Only." 
Rectangular  Beuna,  Reinforced  for  Compression. 
A'  ~  area  of  compressive  steel,  in  square  inches. 
p'  =■  steel  ratio  for  compressive  steel,  A'  +  bd. 
f,'  ~  unit  compressive  stress  in  steel,  in  pounds  per  square  inch. 

C  "  total  compressive  stress  in  concrete,  in  pounds. 
C  —  total  compressive  stress  in  steel,  in  pounds. 

T  —  total  tensile  stress  in  steel,  in  pounds. 
d'  ~  depth  to  center  of  compressive  steel,  in  inches. 

1  —  depth  to  resultant  of  compressive  stresses,  in  inches. 
See  also  "  Rectangular  Beams  Reinforced, for  Tension  Only." 
Shear  and  Bond. 

V  "  total  shear  in  pounds. 

/,  =  unit  shearing  stress  in  concrete,  in  pounds  per  square  inch. 
/m  —  unit  bonding  stress  in  concrete,  in  pounds  per  square  inch. 
Zo  ^  sum  of  the  perimeters  of  the  tension  bars,  in  inches. 

s  =  horizontal  spacing  of  stirrups. 

P  "  total  stress  carried  by  one  stirrup. 
Columns. 
A  —  total  net  area,  in  square  inches. 
A,  =  area  of  longitudinal  steel,  in  square  inches. 
Ac  »■  area  of  concrete,  in  square  inches. 

p  "  Bteel  ratio,  A,  -¥  A. 

P  -  total  axial  load,  in  pounds. 


Digilzed  by  Google 


DEFINITIONS.  627 

DEFINITIONS. — The  foltowing  definitions  will  be  of  service  in  a  study  of  Etnictural  me- 

chanica. 

Forces. — Forces  are  concurrent  when  their  lines  of  action  meet  in  a  point;  non-concurrent 
when  their  lines  of  action  do  not  meet  in  a  point.  Forces  are  coplanar  when  they  lie  in  the  same 
plane;  or  non-coplanar  when  they  lie  in  different  planes.  Coplanar  forces  only  will  be  here  con- 
sidered.    A  force  is  fully  defined  when  its  amount,  its  direction,  and  position  are  known. 

Moment  of  ForceB.— The  moment  of  a  force  about  a  point  is  its  tendency  to  produce  rotation 
about  that  point,  and  is  the  product  of  the  force  and  the  perpendicular  distance  of  the  point  from 
the  line  of  action  of  the  force. 

Couple. — A  couple  is  a  pair  of  equal  and  opposite  forces  having  different  lines  of  action. 
The  moment  of  a  couple  is  equal  to  the  product  of  one  of  tlie  forces  by  tbe  distance  between  the 
lines  of  action  of  the  forces,  or  the  arm  of  the  couple. 

Stress. — If  a  body  be  conceived  to  be  divided  into  two  parts  by  a  plane  traversing  it  in 
any  direction,  the  force  exerted  between  these  two  parts  at  the  plane  of  division  is  an  internal 
stress.  Stress  is  force  distributed  over  an  area  in  such  a  way  ae  to  be  in  equilibrium.  Stresses 
are  measured  in  pounds,  tons,  etc. 

Unit  Stress  is  the  measure  of  intensity  of  stress.  The  unit  stress  at  any  point  is  the  number 
of  units  of  stress  acting  on  a  unit  of  area  at  that  point.  Unit  stresses  are  expressed  in  pounds 
per  square  inch,  tons  per  square  foot,  etc. 

Ultiinate  Stress. — Ultimate  stress  is  the  greatest  stress  which  can  be  produced  in  a  body 
before  rupture  occurs. 

Tension  is  the  name  for  the  stress  which  tends  to  prevent  the  two  adjoining  parts  of  a  body 
from  being  pulled  apart  when  the  body  is  acted  upon  by  two  forces  acting  away  from  each  other. 

CompreNaon  is  the  name  of  the  stress  which  tends  to  keep  two  adjoining  parts  of  a  body  from 
being  pushed  together  under  the  influence  of  two  forces  acting  toward  each  other. 

^ear  is  the  name  of  the  stress  which  tends  to  keep  two  adjoining  planes  of  a  body  from 
sliding  on  each  other  under  the  influence  of  two  equal  and  parallel  forces  acting  in  opposite  direc- 

Azial  Strenes. — When  the  external  forces  producing  tendon  or  compression  act  through 
the  center  of  a  gravity  of  the  body  the  stresses  are  uniformly  distributed  over  the  area,  and  the 
stresses  are  axial  stresses. 

Simple  Stress. — If  P  —  the  force  producing  tension,  compression,  or  sheaV  and  A  =  the 
area  over  which  the  stress  is  distributed,  then 

f,  =  P/A;    /.-  P/A;    /.  -  P/A. 

where /i  is  tenule  stress, /i  is  compressive  stress,  and/,  is  shearing  stress. 

Working  Stress. — The  working  stress  for  any  materia!  is  the  unit  stress  that  has  been  found 
by  experiment  to  be  safe  to  allow  for  that  particular  material  to  give  a  properly  designed  struc- 
ture. The  working  stress  for  any  particular  structure  depends  upon  the  nmterial  of  which  the 
structure  is  built,  the  loads  that  the  structure  is  to  carry,  the  accuracy  with  which  the  loads  and 
stresses  have  been  calculated,  the  possible  defects  in  the  material,  etc. 

Factor  of  Safety. — The  factor  of  safety  is  the  number  by  which  the  ultimate  stress  must  be 
divided  to  give  the  working  stress, 

Defortnation  or  Strain  is  the  change  in  the  shape  of  a  body  caused  by  the  action  of  an  ex- 
ternal force.  Deformation  or  strain  is  measured  in  linear  units.  Deformation  may  be  due  to 
tension,  elongation;  due  to  compressEon,  shortening;  or  due  to  shear,  detrusion  or  slipping  of  one 
plane  past  another. 

Elastidty. — Up  to  a  certain  stress  in  an  elastic  body  it  has  been  found  by  experiment  that 
stress  is  proportional  to  strain.  This  principle  is  known  as  "  Hooke's  Law."  The  ability  of  a 
body  to  return  to  its  original  form  after  deformation  is  termed  elasticity.  If  the  stress  in  a  body 
b  carried'beyond  a  certain  limit  the  body  does  not  return  to  its  original  form,  but  a  permanent 
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Kastlc  limit. — The  elastic  limit  of  a  material  is  the  highest  unit  stress  to  which  that  matei 
may  be  subjected  and  still  return  to  its  origioal  shape  when  the  stress  is  removed,  and  is  I 
limit  within  which  the  stresses  are  directly  proportional  to  the  deformations. 

Tield  Point — In  testing  materials  a  point  is  reached  beyond  the  dastic  limit  where  u 
elongations  increase  very  rapidly  without  any  or  with  a  very  slight  increase  in  unit  streas.     T 
point  is  indicated  by  the  drop  of  the  scale  beam  of  the  testii^  machine.     In  steel  the  yield  point 
is  from  three  to  six  thousand  pounds  per  square  inch  above  the  elastic  limit. 

HoddlDS  of  Elaaticit;, — The  modulus  of  elasticity  of  a  material  is  the  constant,  which  wtthin 
the  elastic  limit  expresses  the  ratio  between  the  unit  stress  and  unit  stiain  or  deformation. 
B  ■■  modulus  of  elasticity,  P  ■•  an  axial  force;  A  =  cross  sectional  area  of  the  bar,  f  ^  an 
stress  ~  PI  A ;  &  —  deformation  produced  by  P  in  a  length  I,  and  t  —  A/l;  then 

E~(.PIA)K&/D    or     £-//!. 

The  modulus  of  elasticity  may  be  deftned  as  that  force,  were  Hooke's  law  applicable  without 
limit,  which  would  produce  in  a  bar  with  a  cross  section  of  one  square  inch  a  deformation  eqiul 
to  its  original  length. 

The  modulus  of  elasticity  of  steel  b  very  closely  £  -■  30,000.000  lb.  per  sq.  in.;  the  modulus 
of  elasticity  of  timber  is  approximately  E  =  1,500,000  lb.  per  sq.  in.;  while  the  modulus  of  elas- 
ticity of  concrete  varies  from  E  =  1,500.000  lb.  per  sq.  in.  to  £  =  3,000,000  lb.  per  sq.  in. 
an  average  value  of  £  ^  3,000,000  lb.  per  sq.  in. 

Shearing  Modulus  of  EUstidty. — The  shearing  modulus  of  elasticity,  also  called  the  modulus  ' 
of  rigidity,  is  the  modulus  expressing  the  ratio  between  unit  shearing  stress  and  unit  shearii^ 
strain.  The  value  of  shearing  modulus  of  elasticity  for  steel  is  about  (  of  the  value  of  £,  or 
G  —  13,000,000  lb.  per  sq.  in. 

Pofsson's  fiatio. — Direct  stress  produces  a  strain  in  its  own  direction  and  an  oppoate  kind 
of  strain  in  every  direction  perpendicular  to  its  own.  For  example  a  bar  under  tensile  stress 
extends  longitudinally  and  contracts  laterally.  Poisson's  ratio  is  the  ratio  of  lateral  strain  to 
longitudinal  strain,  and  is  a  constant  below  the  elastic  limit.  For  steel  Poisson's  ratio  is  }  to  1, 
while  for  concrete  it  is  from  )  to  -ft- 

Rupttire  Strength. — In  testli^  steel  the  cross  sectional  area  rapidly  decreases  beyond  the 
ultimate  stress  and  if  the  rupture  stress  be  divided  by  the  original  cross  sectional  area  the  unit 
stress  at  rupture  will  be  less  than  the  ultimate  stress. 

Ultimate  D^onnation. — The  ultimate  deformation  is  the  total  deformation  in  a  prescribed 
length,  commonly  8  inches,  or  3  inches.  It  b  usually  expressed  in  per  cent  for  a  length  of  S  inches, 
or  of  2  inches. 

WoA  cw  Resilience  in  a  Bar. — The  amount  of  work  that  can  be  stored  up  in  a  body  under 
stress  within  the  elastic  limit  is  called  resilience  or  "  internal  work."  When  the  external  font 
has  been  gradually  applied  all  the  work  may  be  recovered  when  the  force  Is  removed. 

From  the  law  of  conservation  of  enei^  the  external  work  due  to  the  force  is  equal  to  the 
resilience  or  internal  work.  If  a  load  P  is  supported  at  the  lower  end  of  a  bar  without  weight,  hav- 
ing a  length  (  and  a  cross  sectional  area  A ;  then  the  external  work  will  be  iP-A,  where  A  —  tbe 
total  deformation,  and  the  internal  work  or  re^lience  will  be 
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when/  =  elastic  limit  of  the  material  then  )/■/£  is  termed  the  Moduita  of  SesUiemx. 

StresMS  due  to  Sudden  Loads. — In  a  bar  acted  on  by  a  static  load,  P,  gradually  applied, 
the  total  resilience  will  be  K  —  i^.P.  If  the  load  P  b  suddenly  applied  we  will  have  K  —  A, P. 
from  which  it  is  seen  that  the  stress  produced  by  a  sudden  load  is  twice  that  produced  by  a  load 
gradually  applied.  < 
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ImpacL— The  atresaea  due  to  moving  loads  are  Kreater  than  the  stresies  due  to  loads  at  rest. 
The  increase  io  atress  of  the  moving  load  over  the  load  at  rest  is  called  impact.  For  a  discusMon 
c^  impact  stresses  in  railway  bridges  see  page  l6l,  Chapter  IV. 

STRESSES  IK  BEAMS. — When  a  straight  beam  or  bar  is  supported  near  the  ends  and 
carries  loads  or  forces  applied  transverse  to  the  length  of  the  axis  of  the  beam  or  bar,  the  aids 
of  the  member  assumes  a  curve.  The  transverse  loads  or  forces  are  carried  by  flexure,  which  is  a 
combination  of  the  three  umple  stresses  of  tension,  compression  and  shear.  For  example,  a  simple 
beam  resting  horizontally  on  supports  carries  a  concentrated  load.  The  fibers  on  the  lower  or 
convex  ^de  of  the  beam  will  be  elongated  and  are  therefore  in  tension,  while  the  fibers  on  the 
upper  or  concave  side  are  shortened  and  are  therefore  in  compression.  Shear  is  taking  place 
between  each  vertical  plane  of  the  beam  and  the  plane  adjoining  between  the  load  and  each 
support.  Since  the  longitudinal  stresses  in  a  simple  beam  vary  from  a  maximum  compression 
on  the  concave  side  to  a  maximum  tension  on  the  convex  side,  the  stresses  will  pass  through 
zero  on  some  plane,  called  the  neutral  plane  or  axis.  Also  nnce  the  fibers  on  each  side  of  the 
neutral  axis  carry  different  amounts  of  stress,  they  will  lengthen  or  shorten  different  amounts, 
and  there  will  therefore  be  horizontal  shearing  stresses  as  well  as  vertical  sliearing  stresses. 

Neutral  Surface  and  Hentral  Axis. — Under  flexure  a  beam  is  curved,  and  the  fibers  on  the 
concave  side  are  in  compression  while  the  fibers  on  the  convex  side  are  in  tension.  The  neutral 
surface  is  a  surface  on  which  the  fibers  have  zero  stress,  and  the  neutral  axis  is  the  trace  of  this 
plane  on  any  longitudinal  section  of  the  beam.  In  a  simple  horizontal  beam  carrying  vertical 
loads  the  neutral  axis  passes  through  the  center  of  gravity  of  the  cross  section  of  the  beam,  for  a 
rectangular  beam  the  neutral  axis  is  at  half  the  height  of  the  beam.  Where  a  beam  carries  loads 
that  are  not  at  right  angles  to  the  neutral  axis  of  the  beam,  the  beam  is  in  equilibrium  under 
flexure  and  direct  stress,  and  the  neutral  axis  or  line  of  zero  stress  will  not  pass  through  the  center 
of  gravity  of  the  cross  section  of  the  beam,  and  may  fall  entirely  outside  the  beam.  A  bar  carrying 
simple  tension  or  compression  may  be  considered  as  a  beam  in  which  the  neutral  axis  is  at  an 
infinite  distance  from  the  center  of  gravity  of  the  cross  section  of  the  beam. 

Reactions. — For  any  structure  to  be  in  equilibrium,  (i)  the  sum  of  the  horizontal  components 
of  all  forces  acting  on  the  beam  must  equal  zero,  (3)  the  sum  of  the  vertical  components  of  all 
forces  acting  on  the  beam  must  equal  zero,  and  {3)  the  sum  of  the  moments  about  any  point  of 
all  forces  acting  on  the  beam  must  be  equal  to  zero.  Having  the  loads  given  the  reactions  can 
be  calculated  by  applying  the  three  conditions  of  equilibrium. 

Vertical  Shear. — The  vertical  shear  in  a  bean  is  equal  to  the  algebraic  sum  of  the  forces 
(reaction  minus  the  loads)  on  the  left  of  the  section  considered. 

Beading  Homent — The  bending  rnoment  at  any  section  of  a  beam  is  equal  to  the  algebraic 
sum  of  the  moments  of  the  reaction  and  the  loads  on  the  left  of  the  section. 

ReUtimu  between  Sheai  and  Beading  Homent — In  a  umple  beam  carrying  vertical  loads 
the  shear  is  a  maximum  at  the  supports  and  passes  through  zero  at  some  intermediate  point  in 
the  beam.  The  bending  moment  is  zero  at  the  supports  and  is  a  maximum  at  some  intermediate 
point  in  the  beam.  The  shear  is  the  algebraic  sum  of  all  the  forces  on  the  left  of  a  section,  while 
the  bending  moment  may  be  defined  as  the  algebraic  sum  of  all  the  shearing  stresses  on  the  left 
of  the  section.  The  definite  integral  of  the  loads  to  the  left  of  the  section  equals  the  shear  at  the 
section,  and  the  definite  integral  of  the  shear  to  the  left  of  the  section  is  equal  to  the  bending 
moment  at  the  section.  From  the  above  it  will  be  seen  that  maximum  bending  moment  will 
come  at  the  point  of  zero  shear. 

Formulu  for  Flenre. — Applying  the  conditions  for  static  equilitnium  to  any  cross  section 
of  a  beam  we  have,  (i)  Sum  of  Tensile  Stresses  =  Sum  of  Compresuve  Stresses;  (2)  Rcusting 
Shear  =  Vertical  Shear;  (3)  Resisting  Moment  =  Bending  Moment. 

Resistiiig  Shear. — If  tlie  shearing  stresses  are  uniformly  distributed  the  shearing  stress 
will  be 

/.  -  V/A.  (I) 


530  STRUCTURAL    MECHANICS.  Chap.  XVI. 

The  shearing  stresses  are  not  uniformly  distributed  and  for  a  rectaogular  beam  /,  =  iV.A,  > 
while  ia  a.  circular  beam/,  —  tV/A. 

Resjatine  Homent. — The  bending  moment  at  any  section  is  resisted  by  the  moment  of  ib 
tensile  and  compressive  stiesses  which  act  as  a  couple  with  an  arm  equal  to  ttie  distance  betvcci 
the  centroids  of  the  tensile  and  compressive  stresses.  The  moment  of  this  internal  coupL'  \i 
called  the  resisting  moment.  If  /  —  the  unit  stress  at  any  extreme  hber  on  tlie  suriace  of  [he 
beam  due  to  bending  moment,  c  =  distance  from  that  fiber  to  the  neutral  axis,  and  M  •=  i1k> 
bending  moment,  or  the  resisting  moment,  then 


,.Ll,  „  j.M;L, 


w 


where  /  ■•  the  moment  of  inertia  of  the  cross  section  of  the  beam. 

Moment  of  Inertia. — The  moment  of  inertia  of  any  area  about  any  axis  is  equal  to  the  sum 
of  the  products  obtained  by  multiplying  each  differential  area,  dA,  by  i*.  the  square  of  the  distance 
of  each  elementary  area  from  the  aJtis,  /  =  Z^-dA.  The  moment  of  inertia  of  any  section  isi 
minimum  when  the  axis  passes  through  the  center  of  gravity  of  the  cross  section. 

Section  HodulnK. — In  designing  beams  it  is  convenient  to  use  the  ratio  .S  "•  I/c,  so  thai ; 
U  ■■/■J,  or/  ■•  M/S.     The  ratio  S  is  known  as  the  section  modulus.  I 

Tables  of  Homents  of  Inertia  and  Section  Uodulus. — Values  of  moment  of  inertia,  I,  am',  i 
section  modulus,  5,  for  different  sections  are  given  on  p^es  548  to  551,  inclusive.  Values  ot  I 
moment  of  inertia  and  section  modulus  of  structural  shapes  are  given  in  Part  11. 

Defiection  of  Beanu. — In  a  simple  beam  carrying  vertical  loads  the  upper  fibers  are  shortennt 
and  the  lower  fibers  are  lengthened,  while  the  fibers  on  the  neutral  axis  are  not  changed  in  Icngtb 
but  the  neutral  axis  assumed  the  form  of  a  curve.  The  differential  equation  of  the  elastic  cun'e 
of  a  horizontal  beam  carrying  vertical  loads  will  be 

d^- EI-  "' 

Substituting  proper  values  of  E,  I  and  li.  integrating  twice  and  givii^  proper  values  to  the 
constants  of  integration,  the  values  y,  or  the  deflection  may  be  calculated  for  any  point  in  ihe 
beam.  The  equation  of  the  elastic  curve  of  beams  of  various  types  are  given  on  pages  531  to 
547,  inclusive. 

The  maximum  bending  moments  and  shears  in  beams  due  to  moving  cancentrated  loads  ai«< 
given  on  page  542. 

The  moments  and  shears  in  continuous  beams  are  given  on  page  543,  page  544  and  page  S4j.i 

Formulas  for  stresses  in  reinforced  concrete  beams  are  given  on  page  546,  and  stresses  iij 

columns,  safe  working  stiesaea,  and  safe  loads  on  slabs  are  given  on  page  547.  I 
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,    kmrnn.  7htni3lgoaf6!iectime 
r.  ^^fJA  /CH, 
'    A     '  A     ' 

-.  ^yM-  i^sx . 

■      A     '  A     ' 

3f  'Airft  fpeminl  about  givrnm. 

hF^ilgU„4„Aj3itdA^' 

. ,    areas  oFtt^  If,  bottom &,  car. 

'"^pl.  arxfiiv6pis.andx,Ji,^,^ 

','"'  tteordioelesoFthetceatrahs. 

J'O  liy  symmetry. 

..     -  'I^'Ai'V  ^       A,fA,4.A,t-A4 

'  '^*^     -^    ^^  Centroa^oftrapetold 

'   Fig4.Centradef3iiytwareas, 


r 

^,SA 

V- 

"i^^ 

y 

""■%  ' 

^ory 

centroid'   X 

^> 

35.  flOMCnTOFIn€STIA  Am  PtfOBUCTC^IWRTIA. 
General  Formulas, 
I,-ly'SA 

J„-f>yiA 

r.'W'.'-r-W- 
TransFormaiion  Fwsulos, 
Ij=I,-fAdiL=Ip4difa) 
QW*d'ja'-ri'-d',m 

J„-^,-i,)slni4*J^o!t{i 

ffmlpalMomenb  oFAiertia; 
tan?a--Z/„/try-I,J;(i} 
1.  'I,(ei'<t*i,sin^*^^la 
ij^I^*Ir-I,i  (k) 

Axe9  ere  detiqnated  by  subscripts. 
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34  ■  Cufraevrjt  Bsam  with  Load,  ^at  Fites  End  ■ 

Shear  af  ony  fie//}fi  d^P- 
Moment  at  any  pointi 

Msximi/m  Mornenf,  M^PI' 
SfuatAn  o/'f/ast/c  Curve, 


35-CANT/Lgve/i  Beam  wtrn  UMtFoe»  Load,  W  pbr  Umit  of  Lbhsth- 
k^ysx\v;\'^\\vt;;^feP    Seam 


Ci^5^"i5 


£nd Reaction,  Pi—wl- 
Shear  at  sny  point  /i^ivx- 
Max-Shear,  ^=  a^/- 
Moment  at  any  point,  /^"  -^ 
Max-Moment,  at Ri^ht Support, M'-^ 
f^i/at/on  of  Elastic  Curi/e 

"     SCI 


i6  CAtfriieySK  Beam  mT0  CoMCSHTRAreff  Load,  P,  at  ahy  PotrtT' 


bf^ 


Shear 
Diagram 

Moment 
Diagram 


£nd  Reaction,  Rf 
Shear  between  P  and  Support "  P' 
Moment  betiveen  Psnd  Support^  P(x-i:l) 
Max'Moment,9t  R^htSupport~P(l'kl) 
Equation  oPElaafic  Cun/v bebntaPSHi 


y& 


T^m'tn'tA'-ikJx'-ii'xteica} 


DtFlection  ont/arLo9d,  A'^^/  (l-H)^ 


J7    CAHr/Le^eR  Spam  mrif  yAgjAsie  Load 


.Si'. 


'  Moment 
^,  -  .y,    --         Diagr^ 


fnd  Reaction,  Pf- 
Shear  et  any  pointZ^x^  ^^■ 
MaxShear,  y-  ^■ 
Moment  at  any  pcint,  Mx^-g" 
Max-  Hament,  M=  ^^. 
Equation  oE  Elastic  Curve 

y-m-,!''-"^-'-"'!. 

Max-  llePIaetJtm,  A  -^^ 
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38.SmpLe  Scam-  CoHCEHrxATee  Ioad  at  thb  Ce»Teji- 


Memtnf 
diagram 


Shears  any  point  t 

gtfwgtnRi&Pandi'ttirmiPSI?^   yx-4- 
Max-Shear,  Z"^-  ^ 

Hem«nt  at  any  po/nf-t 

£rti*wn  J?,  &  P;  Mx  'If,x  -  *>■ 

Bifwetn  Pd?J?tjM.  -P,^-PTxriJ=fn-X,} 

Max-ffom*r7t/  n^^PZ/geet/ra  atx^i- 

flasfi'e  Curve  ant/  DefUefionm  ■" 

g*tnVM^SP;y-^,  C4jc*~3Z*x}  • 
B*ft¥»en  P  &  Piisymmatrical  akoaf  etot^f^ 
Max-P«F/actmi;A='J^  ^,  Z='^- 


3S  -Simple  Beam  -  Concemtratsd  Load  at  amy  PP'ftr- 


•± 


Shear 
diagram 


Memanf 
Piagraof 


so  Load  at  ahy  Ft>iftr. 
£miP9acfhna:R,=  Ci^;^^-^. 
Sbaaraf  anypo/ofi  ^    , 

Bet>^nP,&P,  K^-P,-  ^4^. 

BefiwnP^Pi,/j('Pz'&- 

/fax-Shear;  fi>ra<:j,  i^ip,;fara>f, y-/lf 
■  t  anyj>ofnt.-  _        ^^ 


aerwsfa  K,a:r;nj,=Kix=  — T~    ari 
Btftwen  PXRti  y%  jPjx-PCxU)^  O^x-Pd^) 
HatMavnt.-M'Pia"  ^j%-  eccarsatx^a- 
Elastic  Curva  and  BeFJeefMns: 

ithm»i^i^P;y=^^(Zla'3'-x*}. 
gefmmP4^;y,^^0^C^lx,~s'^xf)  • 
U.M/-;a<l-A=§^^3^AT-l^?^ 
MaxPtf/^-3>§;A'^P^;Z'-ft^ 


^G 


Uk 


>^ 


4ff'SifiPiB  0BAM-TWO  Equal  CoMCs/trfiATBD LaAi>s,SyMMeTK/cALLY  Placeo- 

EndRtactions;  R,=Ri  =P- 

Sitaraf  any  point: 

BefweenR,  and  left  P;  /i-/"- 
Between  Loads;  i^x =0- 
Bttwten  right  P  and  Rt;  yx''P- 
Max-5ha3r,y''P-' 

Mmeaf  at  anypeint: 

Befi^MnRiandkFtP;  M^t'Px- 
Beb>M*n  Leads;  Mx'RiX'-P(x-^)- Pa- 
Max-  Hement;  M=  Pa  ■ 

BlasNc  Curve  *f  DeP/ecf/ons  : 

StfwenR,iit!ftPiy=^^(3U-39*-x')- 


/■EDL 


Shear 
P/agrKTi 


Mtment 
Plagraa 


ArtMW  r^fPii}^;syaiBefriiaI>fffhkftIa»dJiRi- 
Max-PeFkct/m,-A'^j(SZ-4d^);Z''^- 


D,=;HZ...,CA)t)g[c 


STRUCTURAL  MECHANICS. 


^l.   SlMPLC  BeAM-UtilPORM  LOAD- 


Momenf 

elastic 
Cvrv» 


^mf  Reactions: Ri'Rt'  ^- 
Shearatanypo/nf:   Vx'^-wx- 

Max-ShranV-  "f^;  occurs  af- each  sapparf 

Ng/rtfnt  at  any  psmf-'Mg  -  ^x-jivx' 
MaxMamfot;  M=^wl%  occurs  st  cs/f/vr-' 

Elastic  Curve  and  DeFlactiMs: 

Max-  DeFtecfibn:^  -jf^  §f;  X=  ^  ■ 


^2.  SlMPLS   BeAM  -  rfHAtfSUlAR   iOAD    WITH  MAXIMUM  AT   THE  CE/iTefi 

75«y5'i.y^h-.>  li.j,^  Fnd Reaction-;:  If.  •e^  a  ^ 


f  [unTftKJ 


ftnnniT 


'^--H   ry.      lA         ; 


erxf  Reactions:  R,  -Rt  =  ■^ 

Shaar  at  any  point : 

tef>vftnR,J!C9nter;  V^  '  ^/'^'-^'J. 
Bttwfen  Center  JPR,;  /x  "  iv/'^i'-lx*^') 
Max  S/iear-j  ^"^  wl'^  occurs  af-supports- 

Momanf' at  any  point  i 

Bettretn  R,  and  Centar;  M^  -  p^x  ff-  0 

Setirren Center SRr:  M^  =^M*i^9l'x-IZZx'*4ii'- 

MaxMement;  M^^wZ*;  occors  at  center- 

Plastic  Corvg  and  J>eflecfion3: 

St(mtnR,&Cenfer:y=  m.  [&l  xtST^J 

^     29tIL2     ?     JeJ 

Befwran  Center  JP  R^;  Symmetrical- 

Max.Denaction;A'^^;:g:-i. 


4i-  Smpie  SEAM-TRtAMguiAH  Load  with  Maximum  at  Risht  £nd- 


i>.C 


*'  a,m 


*'  nTTrTtT>„     !  5h„r 

^sHcGirye 


^"^•S'flPl^^AM-TkApezeWAL  IcAB  WiTH  MAXWI/M  AT  ^tSHT  enO- 


Total  load '^  S^* • 

end  Reactions  :R,-'^^l*;  R.^iwl'- 

Shear  af-any point:  K,=ffi*-x') 

Max-Shear;  H'^ii/lfoceors  at  right  sap^rt- 
Moment  at  any  point:  Mj,  •=  ^fZ'-xV- 

Max-Moment;  M'=&-604i¥l',occors  atZ-0-S774Z- 
Elastic  Curve  ami  Reflections  : 

MaxPeFlecthnjA  =  e-fffffSZ  ^, Z''^SI9i5 1 ■ 


Mar/eat 
Pi^ram 


Total  load  =^*-r^'~ 
f'>dReaction3'R,-ir>*i*^;JPt  =  ifmtj>^tl) 
Shear  at  a^y point!  ^  -  «j  ({-x}  t  f(f-x'J 

Max-Shear j  V'  f(tVji^ft</iZ),eectirsatrghfsr^j)ort. 
Mmenf  at  any  point;  Mx-^(lx-x'J^'s(Z>:  -x*) 

Max- Moment; M-fmZfhZ'J^  (Approx) 
Elastic  Corw  and  DeFlecthns  i 
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4B.SeAM  Oven- 
tr  fier  im't  l»ngfh 


-HAMSINS   ONB  Sl/PPOeT  -  UmPOKM  LOAD- 
^Mar  afsny  pomf- 1 

Momtntafsny  paint: 

Bettvern  J^t  ^fndsMx"  fjp~}'d  •  p 

Max- fbsih'tv Mesif/if ; M'' ^; oarers  whenx—^. 
Msx-N^st/vffMeiirent/H  >=  ■^wm^^occt/rsafjc^f 
f/asf/c  Corw^i/  Deflecfi      -  - 


Shear 
Oiagrsm 


Momenl- 
Diagram 


Elasffc 


liable  Corw  ^a  DerJecTions: 
^f^o^^End■,i^^^[l*{6^x;-4mxU3t%,t>^Hl^^ 


46-Beam  OvEif-MANews  0//e  ^pp0«r -O^/fce/fr/iArfs lMi>Ar Af/rPowT- 


Beam 

Sktar 
Diagram 
Memaat 
Diagram 

EbmCanf, 


Skearaf  any  point  t 

Bffnvm7i?rJtJi;yx'=^- 
Moment  atany  pci'nt : 

e*fwe»ftP,SFj;  Mx'-^iX,  ■ 
SeftwnSJ^Pi;  Mx-P,Xt-F,(atxt~l} 
Srf>v»fJ}/?r^Pr;Mx''SOn-xs)- 


47  'BCAM  OVBS-HAttfiltfe  80TH  SUPPORTS  -  i//f/fOPM  LOAD 
wper  unit  length 


'^i'^^r^^ 


Moment 
Diagram 


Reactions ;  P,  "f^^m  H)  -n^j  Pr  =z^[&  *V  -m'^ 

Shear  at  any  pofnt  •■ 

BefweeaUffandSPi;  Vx^x^fm-)^ 
Befn^n  P,S  Pt  iVK"  l?i->^f'"**i) 
Betmen  Pt  Si rigtit  end;  fx  "  ivfn-Xj) 
MsxShear;  V-  *vm,  or  P,-wm' 

Mement  at  any  point: 

Betfvee/i  left  end ^PisMx-jwCm-x,)  ■ 
Betiyeen  P,  ^Pt }  Mx  "i  i^(m  ^Xz)'-PiXe  ■ 
BetweenPi  S  right  end;  MxJ'fwCn-xs)'-      p 
M3pf^sih'¥eMemrttt}  M-R,  {&-m),oeeursafxi''ii^'i 
Max-iirg3tiyeMemenfs;M'j;>vi^am;MHm^ffPc 
^htsefCi>nfraFkxurv;x,-f&-in)±ff&.)'i.2/^-m- 


4S-8EAM  OvER-mnsiHS  Both  SapPOJiTS-Tm £xT£MWRCgHCP/frRAT£P  IMPS 


^t 


^ 


-ofij^^ 


i^tiiiiiiiiiiiiii^'i 


Diagram 
Moment 
Diagram 
Siastic 
Curve 


React/ons.  R,=  ^SLl^^p, ;  R^'.d^rP^^- 
S/iear  at  any  paint  f 

BefmM^^P,;yx-^  :P,SRt,  Kt'^P,}  Pt^$,  fi'^- 
Moment  at  any  point! 

Between  P,  If Ri;  Mx-Pifm-x,) 
Between  R,  J  Rt ;  Mx  "  P,m  tfj-R,Jxt  ■ 
Between  Pr^/i;  M^-Ptfn  -x^) 
Moment  at  PiiM'P.m;  atRr,M=Pgn- 
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^  r^_Xi'              f*^*'  Maif/isfffveMfBtmf.-M-^a,  occurs  amfer/Mt/- 

!_-_ Jr AH  Pmf^  Centra fltxi/nijt,'^. 

'  Shear                Btf,^f,JiP;yi^fMl'x-^,xJ-3P/'?^JW        „ 

[j>P?  ^                  {^a'O^4l4liMs>i-^f,A'0-$09gfffiXiirsBm^rMai- 


™k 


r^^' 


/  [  Ip  P  Is  A  hfovms  LoAOi 

Atselufe  foif  Reactions : 
Moment  P,''P,oecursy</lwna-S;Pt-P,<ieears>rhena''Z- 

Diagram       Abso/ut*  Maximum  Shears  : 

^"Pieeeurs  mien  a-^.atx-O;^  '/^occort  n^rn  ^-l,  afx-l- 
Abss/ute Maximum  Moments! 

Max-Ms/nent  is  Iftgative  and  is  M'0-J925Pt;  occurs 
f/asf/e  at  Fixed  end  ivhen  a=0-S7?4  Z- 

Curve  Absolute  Maximum  Deflection  : 

A-O-303i &',oeeers under ioadtdien  9'&^Pfl' 


30'Beam  F/xro  AT  One  Ehd  anb  Suppcptsd  at  Othpi?  -  Uhifo/sm  L  oad  - 

w  per  unit  ienffth^^^.  Enif  Reactions:  P,=iwl;  Ri=fwl- 

Y//{///>/M///M  Beam  5hearatanypointU-^(ih.). 

V+J  ^  flax-Shear; /=fwl,oecursstrj^htsi/pporf: 

nTrT>>>. I  Mtmeat  at  any pointi  Mx-wx(^l--ix) 

Wi--i"^^JJii||||  ^^^''  Hax/^sitioeMomentiM'&nd^eceffrssfx-g-l- 

\  StTT17II^Tv>^  Aa^/WOT  MaxNagatiw/foaiMtt!  tJ-^iiYl;a^w:s^ri^s^feTt- 

Mr-p-I^MUffrrnsr;^  .  ^^^^^^  Fb!atoFCMtrafIe> 

Diagram 

FlastkCurve       ''M^f,PJ^tn]A^O■i>OS4g-*X-0■4^JS^• 


\*^^^^it^^^^^n^  ^"L       fUsficCur^andDeF/e^/enl 


S/'Beam  Fixed  AT  Off£  £hd  Supported  at  OrftER-CoNCEtiTgArEP  Load  at  Cshter- 

End  PtactionB:  Pf^P;  Pf^P- 

Shear  at  any  point: 

3ttfwnP,JiP,  Vg'iF;8ehmeP£Pfi  Vy^P- 
Max-  Sliear;  y'-^P,  oecurs  st  ^  ■ 

Moment  at  any  point: 

3eh>mnP,SF;Mx=^PfSet>nmP£P2;M^-'iPl~dF*- 
Ma»AiitiVetUaieot:M'J^  Pi,  occurs  under  load- 
tUx-tieg3titvFfonimt:M''JiPi,  occurs  3t  Fixed  m<i- 

Elastic  Curved PeFioctione- 

BetmenPiSP;  y=^,  (ixf-JZV- 
getmfenPSI^iy-^/r^Z^iSliit'^Zi^-tlixf) 
Max  Defleetien;^=&-M9Sz£^;X'&-447Z  I- 
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5Z.  Beam  F/xeo  at  Sor/f  etfos  ~  l/fafOJi»  Load- 


■/^-■■-vi||||m^    ^^^^ 


Max-  Shear i  if"^HfI,  occurs  staupporlS' 

Max- fisslf/'vaMomffft-f/i-gfi^l' occurs  af-crnt<sr- 
Max-Negah'vr  Meinettf;  ff'^wl'  oeeurs  at  sapporfs- 
PMits<a'C«ntrantxirr«;x,''O-mil;j(i-0-7SS7Z' 
Elastic  Carve  aaJ  DeFI»etfons : 

/1axD»t7-.iA=Si^^,  X-f- 


S3  -Beam  Fixed  at  Both  Ends  -  CdNCEtirgATEO  Load  at  CenteR' 
Fnd Reactions:  R,-Rt—iP- 
Shasr  3t  any  point:  ^x'^P-   ffax- Shear,  1^- ^P- 
Meateittatany  point: 

Setmm  s,  sp;  yy,  'iP(x~4ri}  ■ 

Btt»m>P&Re;  M^  'iP(il-x). 

Max-I^'tive Moment; ff ••  fPZgOee.. .  _ __ 

■  Max-Hogative  Moment ;Ji  '^fPi  ,  occurs  atsi/^orfs- 
^afs  of  Contra flexarej  x,-j-j  xi-^  I  ■ 
Elastic  Corva  and  DeFJections  - 
SttwienPiSP-.y^  J^fixfg-l}- 
Between  PSRt}  Symmetrical- 
Ma:^DeF/-sA-^Z^';:Z=^- 


^Beam  Fixed  at  Both  Ends-  Concentrated  Load  at  any  Po/nt^^ 
fn<fPeacfioos.-P,'P  tl^J^jfi^^p 


r-'""f'"ts 


En<fKeactions:K,-F  m^jR.^p  ^%^ 
5ia»raf^yp»lnt:S*tmanP,Sf^yrP,^f^ven  PSP,}Ki^ 

Max-Sbesr;  /=^  Fera<b;  /-^,  For  *>  i  - 
Hgmentot  any  point:  j^»  ^^ 

/fyfof^eMoaenfo  atSi^porfs;  M,'-p-p}Aft'~Pl'- 
BefMeea^iP;  i^x-'R.x-t-Mr        \lieteiiatMi  carries 
SaimBP£Ji;Mx-Sx,->-M,-P6i-i>}  i   a  minus  s^n. 
Max As^wMmeafiM-PiatMij  occurs  under  load- 
MaifHegat^ Moments  occur  at  sopportst  Seesboim- 
JWo^  ^CfatraF^Kun.-Xf  =  J^;  xi-Z-  ^^  ■ 
Battk  Carve  and  PeFiecfions  : 

BttMeenP,iiP:y-  ^^halSax-hxJ- 
BetweenP  and  p!!^^[^*Sah5axri>^. 
Jia^m,^,>k;A^^^curs  atX-^- 
fhx.Mi,^a<hA'y^paccursefX'£^ 

A  MOVINa  LOADt 

AiMAilliMtitSieanr,S-^,oauryafPit¥itna-^atPtHiena-l- 
AtM/BteMtxJi^iHieMlmeetjH' ^l;  occurs  nfhena'iz- 
AiitblrM»»lkfat/Ml^mtnt}fb'^PZ}ecciir3  mien  a-fl- 
AhiMeMax-fhsItivof^>eat}/i-i-Pl;eeeurs  irhen  a—^l- 
AhoMeM3xDeFIoeti*n;A=^£l/eeeur3  ivhe/l  9-  ^  ■ 
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55.  (lAXIMUM Shears  Am liQMEnTS IN SfMPLCBeAflS  FOR  MOI^/NOCOTKEllTFAreO  LOADS. 
Griterion  for  naxlmufn  Shesr. 

The  maximum  shew  due  to  merin^conctnlrstedloadswill occur  ^  one  Si^>port  when  oat 

oFthsloadshai  thatsvpportsnd ivillequal  theiotalnacimi.Thelosdqivmqthemax/mtm 
must  be  determined  by  trial. 

Cr/6erio/?  Forfisximum  Homent. 

The  maximum  moment  due  to  moving  concentrated  hads  ml/ occur  under  onffoT  the 
loads  n^hentfiat  load issifyr  From  one  end  as  tf^e  center  ofgrayity  of  .all  the  hae^sontlye 
beam  is  from  the  other  end.  The/oadgivinq  the  greatest  maxknom  mustl>e  found 6y  trial- 

For  beamsFixedatone  or  bothends  andcarryingone  had.see  49and Sd.inttiiichapter. 


JSL 


^i>i 


na,.%Hr,   J/-0;       V-P:         stf,. 
Max.Mom€nt,  /-{l     M^PU     St  P. 


b.  Tmi£liu4L  LM03. 


f,^ 


~^fl 


Mia.ihar,X-0:      r-PtPl^;  tlP, 

t1ax.Momer,t.  A-;(!'t}:M'P0:i/;9tl 

fF3hqrt3terflnn0.5S6l,onthadqertsmai.flM 


THKe  Equal  U}jiD5,£QmuY5PMeo. 


d.  PountijuAL  Loads, £0Ma  y5pac£o. 


'?'£ 


^p, 


p,^ 


(f)"^"^"(f) 


^p> 


Max.5he»;      X'o;     V'3P^;3tP,. 

Max-nmmt,    X-h;  M'PfJl-^Ji^lZ. 

IF-f/3  qrMtirlhM0.4Sl}l,twh»hgirtmiiJ1nmb. 


1-h 


liaxShear.  X'Sj     r=4Pi^ ;     ^tR. 

Ma,.tUment.H-^{l-ja)i  M-Ptt-U*^Jj^2. 

IFa!3qrf^rthanP.t69l,t^eehad3gmm*rJ1aimii, 


e.  Tmoi/rie^uAL  Loads. 


F.  Tm>FquAL  LOADS AftDOncSnALLEitLaAo. 


<h    a, 

pA 

X 

A 

Z 

1 

(p)"'Wk 

f,% XJ- J^     ^ 

4 

rtax.Svtr,  X'O;  V=Pi-^-^i  atR,. 

rtKfimtiii,  X'^fh^lili-fF^/fjfUtP. 
Mai.momentmayoccvrForone/oada^in  a. 


fiax.momentmayoccurFBrtmegualltaAasink 
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S6.  CotfTinuousBiAMs,  uniroRtiiOAOS,  CoffsrANTtiDtfeiiTOFiiimiA  AmnaMusorlLAsmiTr. 


Length,  \^"l".'.^.'j{..^ 
Sappert,  I  Z  i 

ffex:tm,R,  Ri  ^ 

Harteni.tl,  fii         h 


i.:;;;:v:;:j.::Ti,zz:4 


Rektio/ibettvtertrmmenb^supporis  Fsr  then^snd jmlj-spans. 
Shear  io right  ofntSsvf^iori,  "  -  - 


Shear  io  leFt  offnnj^s^iport. 


(c) 


Reaction  atfnt/J^atifport, 

Rmr^n^-K/'s  (hote/f,']^       (e) 
Moment  st  any  point  in  niSspa/i, 
tiaximompositiva  moment  in  n^spor^ 

M'fi„t^  i  (i) 


^teariorigfli  af(r>flJ^3opport, 

Sheorai  any  point  in  n^span, 
Ax'ot^mox.positnv  moment hi)^  span, 

EXPLANATm^reRriULA5;n'mimberoffirst span  considered oritileFt support. 

Qi^eit  a  continuous  bMrnoFsei/erj/  apans  oniForm/y/oae/edfFdr spans  mil)  no /sad wS), 
4^>lyF<^nHilB(ajtol-and2—spansalit}eleFtendmakinqn-l.7hreemknewnmoment9 
^pear,M,,l1i,andlij,  IFbeamisaimp/y su/^ortedailefiend f1,'0.  ttexi apply fbrmola(a)h?^ 
and 3  ^apana  making  n-?.  Ayain  there  will  be  three  unknowns  hf^ ,  Ff,  andHf.  Continue  mM 
/asi  tt*o  spans  haw  been  aoskieredfnerer  consider  fystspen  alone}.  IF  beam  is  smplysi^^srted 
alrightend,thet1lorthatsuf^>ort-0.There  are  newasmanyeqiMiiofisasthereareunknowns 
aobysolf/hg'iihe  moments  aialloFthesupportsn?ayiefbiind.lFihebeamii  symmetrical 
as  io  loadifiqanddmensions,  the  calculatibnsmayheshortened byequatin^  moments  n/Axh 
are  knom},tyhspectien,tobeegual.Kr>mingthemoments  at  the  sopportssthe  shear atanypoint, 
thereactibns,andtiKmoment  at  any pointmoybecalculated.(f!,=¥i'andRForlast  support 
equafsV'/irlastipan).fvrFi»edends/ma(jrinethebeamtoeirte/idonespanbeyon^ the  Fired 
endand^pfytheFormoiaSfOsaboye,  rquaiing  the  lenqth  and  load  oF  the  imaqinaryspanto 
zeroandlhemomentstthe  exiren^e  endoFtheimagirtafy  span  toiere.Careshoaldbetalren 
that  shears  and mtmtents^e  used  ¥fith  their  proper  sign. 

SPECIAL  CASeS; 

For  abeam  oFegual spans  mth  egt/al unlForm  loads,  FormWaUl  re^Kes  to- 
■^'.'■^^^^ ''%,/—/**''''■  (See  also  S7,oF  this  ch^>ter.)  (j) 

For  a  beam  oFttro  unequal  spans  with  unegual  uoiFerm  leads  and ^7pfyso^orted 

at  the  ends,  tfi-0,li,-0  and  From  Formo/a  (»} 
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COifFICIt/fTS  OF  w?',wherfw/oac/permtlfitgthatiei  I'lfngthoFene^art.  Eandl  consfsnt. 

Maximum  positive  momentin  any  sponcsn  hecalci/lated  From  formola  56  i . 


58.  5nCARSAT5UPP0RTS:C0NTirfU0U5 BEAMS,  FOUAl  SPAfiSAtfOfQUALUtllFOfiM LOADS. 
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C0EFFICieHT50Fnf2,where»i/'hadpervm'tlenqihandl=lenqtftgfsp3n.   t and  I  co^ilant. 
Reactions  at  sopporls  e^ai algebraic  diFFerenct  oFiheara  hriqhtand/tft. 


DigilizeoDV  Google 


STRESSES  IN  CONTINUOUS  BEAMS. 
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Relithn  bettveenmomtttii  at  supports  for  f>(^^nd(n'l}^  spai}s, 
Shelf totheriqhtoFnUisiippert,  ='  —  *- '-" -^'-  "5'- 

Shear  to  ritjtit  affoill- sopport, 

"  l-'i[Ul-K.,l   HI 


Sfie^  ^srty point  in  a^span, 

^=^-/^,  nfhff^m  equals       (F) 
the  fan?  of  the  hods  bflirefn 
i}^5i/pport3/id point  ceoiidf red. 

fbintoFmex.positire  moment  in  ni^span, 
Themax.poiitive  moment  occurs 
Inhere  she3r,a  s  ealculstedfrom<F} 
passes  through zere.Thispamt  a 
atwaysdione  of  the  loads.  (h) 


Shear  tolefto  f{n  tIJ  ^scpport, 

React  ion  at  (n  t  ij^a  upport, 

F''r»r^mr^n)fi^otel?r0 


Moment  at  any  point  in  nt^span, 

!1,'FJn-^n*-FfPn(X'AX}l'>l'fre  (q) 
i{Po(r-li„7„)  equals  the  sumaffhe 
moments  of  the  loads,  detfeen 
the  n  i^  support  and  the  point  con  - 
sidered,  about  the  point 

Ma'imam positive  moment  in  I  hen  tSspan, 
After  thepointoFm^i  posit iw 
moment  has  bekcatedas  de  scribed 
inlh)  the  raheofx  thus  determined 
is  substituted mtql  andF(,dftermiaed. 


SxPLANATlOrt  OF  FORMULAS:  (5e»underS6.} 

SPECIAL  Case, 

F'l^a  beamof  ifmmeqaal  spans  with  ane<to^  concentrated  bads  sadwii/iends 
simply  supported,  ii,-6,fit=0  and  Forfnola(a)reducesto- 

M.,^i[Bl,'(krk,>7*miz(?kt-ii<l*kt)]  f, 

^        za*w '_ 


60.  t^/fTi/mffi/sBfA/IS^a^AflD  Three  t9BilL5PitlS:UniR>rn7lgad,  vv,permtltngthBrh)df^maderoF(ine5p9o- 


tlemtnt.       6,-       'i/fi,         0.        0.       -I/IS.      f-i/iH, 
feactm.    ^7^6.     t^,     -06.   ti0S,  *iys>,     -i/lO, 


t4/io,  i-mo. 


0.       -5/il,        0,        0,        -l/ZS,     -l/ZP,        0,        0,        -yiO.     '3/it,       0. 
i-li/32.  HI/IS.    -3/32,  -M     fll0,    *ll/^,    -m,   -^40,  ^2m.    *^l/^8.  '^M 
CoefFiueeis  eFw2^ai>dPV,Formoments3t5upports,andof»rlandflFor  reactions  at  supports. 
By  additionoFpropercatesanybeam  maybe  soiyed.Fi>rshtarsandmementsbfti¥eenii^ports3ee56i^, 
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6£n[liAL  F0RMULA5. 
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STRESSES  AND  SAFE  LOADS  IN   REINFORCED  CONCRETE. 
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In  the  Folloivin^  formulas jd refers 
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5£/rr(/pSj  All  rectangular  beams  and  T-bems. 
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652  STRUCTURAL   MECHANICS.  Cbap. 

STRESSES  IN  FRAMED  STRUCTURES. 

I.o«ds. — The  stresses  in  roof  trusses  are  due  to  (i)  the  dead  load.  (2)  the  soow  load,  (3)  ihc 
wind  load,  and  (4)  concentrated  and  movii^  loads.     Data  for  dead  loads,  snow  loads, 
loads,  crane  loads  and  other  loads  to  be  carried  on  trusses  are  given  in  Chapter  I  to  Chapter  l\. 
inclusive.     The  loads  on  roof  trusses  are  commonly  given  as  a  certain  number  <rf  lb.  per  sq.  [1, 
of  horizontal  projection  of  the  roof.     The  loads  are  assumed  to  be  transferred  to  the  truss 
means  of  purlins  acting  as  simple  beams,  the  joint  loads  being  equal  to  the  purlin  reactions. 

Methods  of  Calculation. — The  determination  of  the  reactions  of  simpk  framed  otructuri; 
usually  requires  the  use  of  the  three  fundamental  equations  of  equilibrium 

Z  horizontal  components  of  forces        •  o  (j; 

Z  vertical  components  of  forces  "  o  (;■ 

Z  moments  of  forces  about  any  pcunt  —  o  U 

Having  completely  determined  the  external  forces,  the  internal  stresses  may  be  obtainn! 

by  either  equatiorts  (a)  and  (b)  (resolution),  or  equation  {e)  (moments).     These  equations  n 

be  solved  by  graphics  or  by  alj^bra.     There  are,  therefore,  four  methods  of  calculating  stre»f> 

„      ,     .         -  _  r  Graphic  Method 

Resolution  of  Forces H    ,,   \.    -    »«    l  j 

[^  Algebraic  Method 

,.  lie.  r  Graphic  Method 

Moments  of  Forces   ■<    ,,     ,      .    ,,    ,     , 
L  Algebraic  Method 

The  stresses  in  any  simple  framed  structure  can  be  calculated  by  using  any  one  of  the  to'ji 
methods.  The  method  of  calculating  the  stresses  in  roof  trusses  by  means  of  graphic  resolutiai 
will  be  explained  in  detail.  For  the  calculation  of  the  stresses  in  roof  trusses  and  other  {i^mti 
structures  by  algebraic  resolution  and  by  algebraic  and  graphic  moments  the  reader  is  referred 
to  the  author's  "  The  Design  of  Steel  Mill  Buildings." 

Graphic  Resolution. — In  Fig.  i  the  reactions  Ri  and  Rt  are  found  by  means  of  the  force  and 
equilibrium  polygons  as  shown  in  (b)  and  (a).  The  principle  of  the  force  polygon  is  then  appli« 
to  each  joint  of  the  structure  in  turn.  Beginning  at  the  joint  Z«,  the  forces  are  shown  in  it) 
and  the  force  triangle  in  (d).  The  reaction  J?i  is  known  and  acts  up,  the  upper  chord  stress  n 
acts  downward  to  the  left,  and  the  lower  chord  stress  i~y  acts  to  the  right,  closing  the  polygoa 
Stress  l-x  is  compression  and  stress  1-31  is  tension,  as  can  be  seen  by  applying  the  arrows  ti 
members  in  (e).  The  force  polygon  at  joint  t/i  is  then  constructed  as  in  (/).  Stress  i-*  actia; 
toward  joint  E7i  and  load  Pi  acting  downward  are  known,  and  stresses  1-2  and  2-x  are  found  b> 
completing  the  polygon.  Stresses  2-x  and  i-a  are  compression.  The  force  polygons  at  jointi 
Li  and  Ut  are  constructed,  in  the  order  given,  in  the  same  manner.  The  known  fon:es  at  any 
joint  are  indicated  in  direction  in  the  force  polygon  by  double  arrows,  and  the  unknown  forces 
are  indicated  in  direction  by  single  arrows. 

The  stresses  in  the  members  of  the  right  segment  of  the  truss  are  the  same  as  in  the  left,  and 
the  force  polygons  are,  therefore,  not  constructed  for  the  right  segment.  The  force  polygons  for 
all  the  joints  of  the  truss  are  grouped  into  the  stress  diagram  shown  in  {k).  Compression  ir 
stress  diagram  and  truss  is  indicated  by  arrows  acting  toward  the  ends  of  the  stress  lines  and  tovaid 
the  joints,  respectively,  and  tension  is  indicated  by  arrows  acting  away  from  the  ends  of  tbf 
stress  lines  and  away  from  the  joints,  respectively  The  first  time  a  stress  is  used  a  single  arrow. 
and  the  second  time  the  stress  is  u.'icd  a  double  arrow  is  used  to  indicate  direction.  The  sires: 
diagram  in  (k)  Fig.  i  is  called  a  Maxwell  diagram  or  a  reciprocal  polygon  diagram,  i.  e.,  a 
in  the  truss  diagram  become  points  in  the  stress  diagram.  The  notation  used  is  known  as  B 
notation.  The  method  of  graphic  resolution  is  the  method  most  commonly  used  for  calculating 
stresses  in  roof  trusses  and  in  simple  framed  structures  with  inclined  chords. 

STRESSES  IM  ROOF  TRUSSES,— The  methods  of  calculating  dead  load,  snow  load,  and 
wind  load  stresses  in  roof  trusses  by  graphic  resolution  will  be  brieBy  described. 
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Dead  liOtA  StrtaSM. — The  dead  load  is  made  up  of  the  weight  of  the  truss  and  the  mof 
covering,  and  is  usually  considered  as  applied  at  the  panel  points  of  the  upper  chords  in  computing 
stresses  in  roof  trusses.  IE  the  purlins  do  not  come  at  the  panel  points,  the  upper  chord  will  have 
to  be  designed  for  direct  stress  and  stress  due  to  flexure. 

The  stress  in  a  Fink  truss  due  to  dead  loads  is  calculated  by  graphic  resolution  in  (a)  Fig.  2. 

The  loads  are  laid  off,  the  reactions  found,  and  the  stresses  calculated  beginning  at  joint  Lr, 
as  explained  in  Fig.  I.  The  stress  diagram  for  the  right  half  of  the  truss  need  not  be  drawn 
where  the  truss  and  loads  are  symmetrical  as  in  (a)  Fig.  2;  however,  it  gives  a  check  on  the  accuracy 
of  the  work  and  is  well  worth  the  extra  time  required.  The  loads  Pi  on  the  abutments  have  no 
effect  on  the  stresses  in  the  truss,  and  may  be  omitted  in  this  solution. 

In  calculating  the  stresses  at  joint  Pt.  the  stresses  in  the  members  3-4,  4-5  and  a>-5  are 
unknown,  and  the  solution  appears  to  be  indeterminate.  The  solution  is  easily  made  by  cuttii^ 
out  members  4-5  and  5-6,  and  replacing  them  with  the  dotted  member  shown.  The  stresses  in 
the  members  in  the  modified  truss  are  now  obtained  up  to  and  including  stresses  6-x  and  6-7. 
Since  the  stresses  6-x  and  6-7  are  independent  of  the  form  of  the  framework  to  the  left,  as  can 
easily  be  seen  by  cutting  a.  section  through  the  members  6-x,  6-7  aud  7-y,  the  solution  can  be 
carried  back  and  the  apparent  ambiguity  removed.  The  ambiguity  can  also  be  removed  by  cal- 
culating the  stress  in  7-y  by  algebraic  moments  and  substituting  it  in  the  stress  diagram.  It  will 
be  noted  that  all  top  chord  members  are  in  compression  and  all  bottom  chord  members  are  in 
tension. 

Snow  Load  Stresaea. — -Large  snow  storms  nearly  always  occur  in  still  weather,  and  the 
maximum  snow  load  will  therefore  be  a  uniformly  distributed  load.  A  heavy  wind  may  follow  a 
sleet  storm  and  a  snow  load  equal  to  the  minimum  given  in  j  19,  "  Spec! Acat ions  for  Steel  Frame 
Buildings,"  Chapter  I,  should  be  considered  as  ax^ting  at  the  same  time  as  the  wind  load.  The 
stresses  due  to  snow  load  are  found  in  the  same  manner  as  the  dead  load  stresses. 

Wind  Load  Stresses.— The  stresses  in  trusses  due  to  wind  load  will  depend  upon  the  direction 
and  intensity  of  the  wind,  and  the  condition  of  the  end  supports.  The  wind  is  commonly  con- 
sidered as  acting  horizontally,  and  the  normal  component,  as  determined  by  one  of  the  formulas 
in  i  20,  "  Specifications  for  Steel  Frame  Buildii^s,"  Chapter  I,  is  taken. 

The  ends  of  the  truss  may  (i)  be  rigidly  fixed  to  the  abutment  walls,  (3)  be  equally  free  to 
move,  or  {3)  may  have  one  end  fixed  and  the  other  end  on  rollers.  When  both  ends  of  the  truss 
are  rigidly  fixed  to  the  abutment  walls  (i)  the  reactions  are  parallel  to  each  other  and  to  the 
resultant  of  the  external  loads;  where  both  ends  of  the  truss  are  equally  free  to  move  {2)  the 
horizontal  components  of  the  reactions  aie  equal;  and  where  one  end  is  fixed  and  the  other  end 
is  on  frictionless  rollers  (3)  the  reaction  at  the  roller  end  will  always  be  vertical.  Either  case  (l) 
or  case  (3)  is  commonly  assumed  in  calculating  wind  load  stresses  in  trusses.  Case  (2)  is  the  con- 
dition in  a  portal  or  a.  framed  bent.  The  vertical  components  of  the  reactions  are  independent  of 
the  condition  of  the  ends. 

Wind  Load  Stresses:  No  Rollers. — The  stresses  due  to  a  normal  wind  load,  in  a  Fink  truss 
with  both  ends  fued  to  rigid  walls,  are  calculated  by  gTa.phic  resolution  in  (b)  Fig.  3.  The  reac- 
tions are  parallel  and  their  sum  equals  the  sum  of  the  external  loads:  they  are  found  by  means  of 
force  and  equilibrium  polygons.  To  calculate  the  reactions,  lay  off  the  loads  Pi,  Pt,  Pt.  P«,  Pfc 
as  shown,  and  select  the  pole  0  at  any  convenient  point.  Then  at  a  point  on  line  of  action  of  Pi 
in  the  truss  diagram,  draw  strings  parallel  to  the  rays  drawn  through  the  ends  of  Pi  in  the  force 
polj^on.  The  string  diawn  parallel  to  the  ray  common  to  forces  P|  and-Pi  in  the  force  polygon 
will  cut  the  force  Pi  in  the  trvss  diagram.  Through  this  point  draw  a  string  parallel  to  the  ray 
common  to  forces  Pt  and  P*  in  tlie  force  polygon,  and  so  on  until  the  strings  drawn  parallel  to 
the  outude  rays  meet  on  the  resultant  of  all  the  loads.  The  closing  line  of  the  force  polygon 
connects  the  two  points  on  the  reactions.  Through  point  0  in  the  force  polygon  draw  line  0-Y 
parallel  to  the  clo^ng  line  in  the  equilibnum  polygon,  Ri  and  Rt  are  the  reactions,  as  shown-         • 

The  stress  diagram  is  constructed  in  the  same  manner  as  that  for  dead  loads.  Heavy  lines 
in  truss  and  stress  diagram  indicate  compression,  and  light  lines  indicate  tension. 
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The  ftmbiKuity  at  joint  P,  is  removed  by  means  of  the  dotted  member,  as  in  the  case  o(  tht 
dead  load  stress  djasram.  It  will  be  seen  that  there  are  no  Btrewes  in  the  dotted  web  membpn 
in  the  right  segnient  of  the  truss.  It  is  necessary  to  cany  the  solutloD  entirely  through  the 
truss,  beginning  at  the  left  reactiiin  and  checking  up  at  the  right  reaction.  It  will  be  seen  tha: 
the  load  Pt  has  no  effect  on  the  stresses  in  the  truss  in  this  case,  the  left  reaction  beil^  amiJi 
reduced  if  Pi  is  omitted. 


Scab  of  Lengths 

J>§i  Y       (h)  5"*rfStF^ 


Fig.  I. 

Wind  Load  StreaseB ;  Rollers. — Trusses  longer  than  70  ft.  arc  usually  fixed  at  one  end,  and 
are  supported  on  rollers  at  the  other  end.  The  reaction  at  the  roller  end  is  then  vertical — tbe  hori- 
zontal component  of  the  external  wind  force  beii^  all  taken  by  the  fixed  end.  The  wind  may 
come  on  either  ude  of  the  truss,  giving  rise  to  two  conditions:  (i)  rollers  leeward  and  (a)  tnllen 
windward,  each  requiring  a  separate  solution. 

Riditrs  Lteteard. — The  wind  load  stresses  in  a  triai^ular  Pratt  truss  with  rollers  under  the 
leeward  side  arc  calculated  by  graphic  resolution  in  (c)  Fig.  3. 

The  reactions  in  (c)  Fig.  3  were  first  determined  by  means  of  force  and  equilibrium  polygons, 
on  the  assumption  that  they  were  parallel  to  each  other  and  to  the  resultant  of  the  external  loads. 
Then  unce  the  reaction  at  the  roller  end  is  vertical  and  the  horizontal  component  at  the  fixed  ei 
is  equal  to  the  horizontal  component  of  the  external  wind  forces,  the  true  reactions  were  obtained 
by  dosing  the  force  polygon. 

In  order  that  the  truss  be  in  equilibrium  under  the  action  of  the  three  external  forces,  Si,  S, 
and  the  rtndtatU  of  the  wind  loadi,  the  three  external  forces  must  meet  in  a  point  if  produced 
This  furnishes  a  method  for  determining  the  reactions,  where  the  direction  and  line  of  action  of 
one  and  a  point  in  the  line  of  action  of  the  other  are  known,  providing  the  point  of  intersection 
of  the  three  forces  comes  within  the  limits  of  the  drawing  board. 

The  stress  diagram  is  constructed  in  the  same  way  as  the  stress  diagram  for  dead  loads. 
It  will  be  seen  that  the  load  Pi  has  no  eifect  on  the  Btresses  in  the  truss  in  this  case.  Heavy  lines 
in  truss  and  stress  diagram  indicate  compression,  and  light  lines  indicate  tension. 

Rollers  Wmdward. — The  wind  load  stresses  in  the  same  triangular  Pratt  truss  as  shown  in 
(c)  Fig.  3,  with  rollers  under  the  windward  side  of  the  truss  are  calculated  by  graphic  resoluuoo 
in  (i)  Fig.  3. 

The  true  reactions  were  determined  directly  by  means  of  force  and  equilibrium  polygons. 
The  direction  of  the  reaction  Ri  is  known  to  be  vertical,  but  tbe  direction  of  the  reaction  X|  is 
unknown,  the  only  known  point  in  its  line  of  action  being  the  right  abutment.  The  equilibrium 
polygon  is  drawn  to  pass  through  the  right  abutment  and  the  direction  of  the  right  reaction  is 
determined  by  connecting  the  point  of  intersection  of  the  vertical  reaction  Ri  and  the  line  drawn 
through  0  parallel  tothedosii^lineof  the  equilibrium  polygon,  with  the  lowerend  of  the  load  line. 
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Since  the  vertical  components  of  the  reactions  are  independent  of  the  conditions  of  the  nd 
at  the  truss,  the  vertical  components  at  the  reactions  in  (c)  and  (d)  Fig.  a  are  the  same.  It  ■! 
be  seen  that  the  load  Pi  produces  stress  in  the  members  of  the  truss  with  roIleTB  windward.  I 
the  line  of  action  of  Aidropsbelow  the  joint  Pi,  the  lower  chord  of  the  truss  will  be  in  compnsi^-H 
as  will  be  seen  by  taking  moments  about  Ft. 

STRESSES  IN  A  TRANSVERSE  BENT.— A  transverse  bent  in  a  steel  mUl  bulld^ 
consists  of  a.  roof  truss  supported  at  the  ends  on  columns  and  braced  against  longitudinal  too^ 
ment  by  means  of  knee  braces,  Fig.  3.  The  ends  of  the  columns  may  be  fixed  at  the  ba^  T 
may  be  free  to  turn  (pin-conncctcd).  The  stresses  in  a  transverse  bent  are  statically  indetermirja 
and  cannot  be  calculated  without  caking  in  account  the  deformations  of  the  members  themnlvoi 
The  following  approximate  method,  proposed  by  the  author  in  the  first  edition  of  "  The  Dp 
sign  of  Steel  Mill  Buildings,"  1903,  gives  results  that  are  approximately  correct,  are  on  the  ^ 
side,  and  is  the  method  now  used  in  practice.  I 

Dead  and  Snow  Load  Stresaes. — The  ntresses  due  to  dead  and  snow  loads  in  trusses  oi  | 
transverse  bent  arc  calculated  the  same  as  though  the  trusses  were  supported  on  solid  walls,      i 

Wind  Load  Stresses. — The  external  wind  loads  may  be  taken  (l)  as  horizontal  or  {3)  as  no nri 
to  the  surface.  The  columns  will  be  assumed  to  be  pin-connected  at  the  tops  and  to  be  either  p» 
connected  or  fixed  at  the  base.  It  will  be  assumed  that  the  horizontal  reactions  at  the  !<y::i 
the  columns  are  equal  to  each  other,  and  equal  to  one-half  of  the  horizontal  component  o[  ibl 
external  wind  load.  It  is  also  assumed  that  the  truss  does  not  change  its  length,  and  thai  'id 
deflection  of  the  columns  at  the  top  of  the  columns  and  at  the  foot  of  the  knee  biace  are  er,j\ 

It  is  shown  in  "  The  Design  of  Steel  Mill  Buildings  "  that  when  the  columns  are  (ixtd  d 
the  base  the  point  of  contra-Hexure  comes  at  a  distance  of  from  )  to  f  of  the  distance  from  '.a 
foot  of  the  column  to  the  foot  of  the  knee  brace.  It  is  usually  assumed  that  the  point  of  ronirt 
flexure  is  located  at  a  point  in  the  column  one-half  the  distance  from  the  foot  of  the  column  1 
the  foot  of  the  knee  brace.  If  A  =  height  of  the  column,  d  =  height  from  the  base  of  the  colu^ 
to  the  foot  of  the  knee  brace,  then  the  distance  from  the  base  of  the  column  to  the  pcnnt  of  contn 
flexure  will  be 

>*     iUJ+T)-  •> 

The  calculation  of  the  wind  stresses  in  a  transverse  bent  with  a  monitor  ventilator  is  shown  k 
Fig.  3.  The  bents  are  spaced  32  ft.  centers  and  are  designed  for  a  horizontal  wind  load  of  20  Ih.  fie 
sq.  ft.,  the  normal  wind  load  being  calculated  by  Hutton's  formula,  Fig.  3,  Chapter  I.  The  pi'J 
of  contra-flexure  is  found  by  substituting  in  equation  (4)  to  be 

The  external  forces  are  calculated  for  the  bent  above  the  point  of  contra-flexure  by  multlplyi* 
the  area  supported  at  the  point  by  the  intensity  of  the  wind  pressure.  For  example,  the  load  1 
B  is  3*'  X  6.75'  X  20  lb.  =  43JO  lb. 

The  line  of  application  and  the  amount  of  the  external  wind  load,  XW,  is  found  by  me^s 
of  a  force  and  an  equilibrium  polygon.  XW  acts  through  the  intersection  of  the  strings  para'.-. 
totherayaO-Band  O-C,  and  is  equal  to  C~B  (line  C-B  is  not  drawn  in  force  polygon)  inamoua: 
The  reactions  R  and  R'  may  be  calculated  graphically  as  follows: — Lay  off  the  total  wind  Ion 
ZW  so  that  it  will  be  bisected  by  point  A  in  Fig.  3.  Perpendiculars  dropped  from  the  ends  0 
load  lineSIf  to  thedotted  lines  XBand  vlCwillgive  I'' —  12,800  lb.,  and  f  ■  70a  lb.,  reapec 
lively.     Then  R  and  J!'  are  calculated  as  shown. 

The  calculation  of  stresses  is  begun  at  point  B  in  the  windward  column,  and  in  the  stT.'a 
diagram  the  stresses  at  B  are  found  by  drawing  the  force  polygon  a-B~A~l>-a.  The  remainiil 
stresses  arc  calculated  as  for  a  simple  truss.  In  calculating  the  stresses  in  the  ventilator  it  >] 
i  that  diagonals  9-10  and  10-12  are  tension  members,  so  that  9-10  will  not  be  in  actio 
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in  the  wind  is  acting  aa  sliown.  Before  solving  the  stresses  at  the  joint  6-7-9  it  ^^^  necessary 
:^lcutate  the  stresses  in  members  i-ii,  10-11  and  9-A.  The  remainder  of  the  solution  offers 
difficulty  to  one  familiar  with  the  principles  of  graphic  statics. 


Fig.  3. 

The  stress  in  port  b-a  is  equal  to  V,  while  the  stress  in  i~c  Is  found  by  extending  i-c  to  c* 
the  stress  diagram,  c'  being  a  point  on  the  load  line.  The  stress  in  post  n-A  is  equal  to  V', 
lile  the  stress  in  19-m  is  found  by  extending  ig-m  to  m'  in  the  stress  diagram,  m'  being  a  point 
the  horizontal  line  drawn  through  C.  The  kind  of  stress  in  the  different  members  is  shown 
the  weight  of  lines  in  the  bent  and  stress  diagrams. 
For  a  detailed  discussion  of  the  calculations  of  the  stresses  in  a  transverse  bent,  see  "  The 
sign  of  Steel  Mill- Buildings." 
STRESSES  IN  BRIDGE  TRUSSES.— The  stresses  in  bridge  trusses  may  be  calculated 
applying  the  condition  equations  for  equilibrium  for  translation,  resolution;  or  by  applying 
:  condition  equation  for  equilibrium  for  rotation,  moments.  Both  resolution  and  moments  may 
calculated  algebraically  or  graphically,  giving  four  methods  for  calculation  the  same  as  for 
)f  trusses. 

»*»T}miim  Stresses. — The  criteria  for  loading  a  truss  or  beam  for  maximum  and  minimum 
^esses  are  given  on  page  160,  Chapter  IV. 

Problsms. — ^The  methods  of  calculating  the  stresses  in  bridge  trusses  are  shown  by  several 
oblems  talcen  from  the  author's  "  The  Design  of  Highway  Brieves."  ^ 
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Problsu  I.    Dead  Load  Stresses  in  a  Camel-back  Tbuss  by  Gkathic  Resch-ution. 

(a)  Problem. — Given  a  Camel-back  (inclined  Pratt)  truss,  span  160'  o",  panel  length  30'  0", 
depth  at  the  hip  35'  o",  depth  at  the  center  33'  o",  dead  load  400  lb.  per  lineal  foot  pn*  truss. 
Calculate  the  dead  load  stresses  by  graphic  resolution.  Scale  o(  truss,  i"  ••  35'  o".  '  Scale  i:' 
loads,  I"  -  10.000  lb. 

(b)  Methods. — The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  Calculate  the  stresses  by  graphic  resolution,  beginning  at  Ri  and  checking  up  at  Rt 
Follow  the  order  given  in  the  stress  diagram. 

(c)  Results. — The  top  chord  is  in  compresuon  and  the  bottom  chord  is  in  tenaon.  Si 
inclined  web  members  are  in  tension;  while  part  of  the  posts  are  in  compression  and  part  are  is 
ten^n.     Member  1-3  is  simply  a  hai^er  and  is  always  in  tension. 

Problem  3.     Dead  Load  Stbbsses  in  a  Petit  Tkuss  by  Graphic  Rescx-utiom.        , 
(o)  Problem, — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o,"  depth  at  hip  50'  o'. 
depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss.     Calculate  the  dead  ko' 
stresses  by  graphic  resolution.     Scale  of  truss,  i"  —  50'  o".     Scale  of  loads,  i"  "  45  tons. 

(6)  Methods. — The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  tofi 
downwards.  Calculate  Ri  and  Rt.  Calculate  the  stresses  in  the  members  at  the  left  reaction 
constructing  force  triangle  i-Y-X.  Then  calculate  the  stress  io  1-2  by  constructing  polvK--' 
_  1-3-1".  Draw  3-2,  which  is  the  stress  in  member  3—3.  Then  pass  to  joint  H'l  where  theiv 
appears  to  be  an  ambiguity,  stress  1-5  being  unknown.  To  remove  the  ambiguity  proceed  v 
follows:  At  Wt  on  the  left  ^de  of  trie  stress  diagram  assume  that  Wi  ie  the  stress  in  5-6  .ibt 
member  5-6  is  simply  a  hanger  and  the  stress  is  as  assumed).  Calculate  the  stress  in  4-5  bt 
completing  the  triangle  of  stresses  in  the  auxiliary  members.  The  stresses  are  now  all  knum 
at  Wt  except  3-4  and  5~7,  but  the  stress  in  4-^  is  between  the  two  unknown  sttesses.  Firs 
complete  the  force  polygon  2-3-4-5'- F- F-2.  Then  by  changing  the  order  the  true  poiypa 
3-3-4-5— F- y^  may  be  drawn.  This  solution  is  sometimes  called  the  method  of  sliding  in  i 
member.  The  apparent  ambiguity  at  joint  Wt  may  be  removed  in  the  same  manner.  The  sitM 
diagram  is  carried  through  as  shown  and  Snally  checked  up  at  Ri.  It  will  be  seen  that  then'  i 
no  apparent  ambiguity  on  the  right  side  of  the  truss. 

(c)  Results.— It  will  be  seen  that  the  Petit  truss  b  an  inclined  Pratt  or  CameE-back  tma 
with  subdivided  panels.  The  auxiliary  members  are  commonly  tension  members  in  all  excefi 
the  end  primary  panels  as  in  the  Baltimore  truss  in  Problem  6.  It  will  be  seen  that  the  stresse 
in  the  first  four  panels  of  the  lower  chord  are  the  same.  The  loads  in  this  type  of  Petit  truss  a-i 
carried  directly  to  the  abutments.  The  Petit  truss  is  quite  generally  used  for  long  span  higba-j; 
and  railway  bridges. 

pROBLBu  3.    MAxniiw  AND  MiNUiuH  Stresses  in  a  Wabren  Truss  by  Algebraic 
Resolution. 

(o)  Problem. — Given  a  Warren  truss,  span  160'  o",  panel  length  20*  o",  depth  so*  o",  dei! 
load  800  lb.  per  lineal  foot  per  truss,  live  load  1 ,600  lb,  per  lineal  foot  per  truss.  Calculate  th; 
maximum  and  minimum  stresses  in  the  members  due  to  dead  and  live  loads  by  algebraic  n-- 
lution.     Scale  of  truss  as  shown. 

(6)  Methods.^Dead  Load  StrosseS-^Bcginning  at  the  left  end  the  left  reaction  is  id  —  3}  ir 
The  shear  in  the  first  panel  is  iiW.  in  the  second  panel  b  aiW,  in  the  third  panel  is  (11',  anJ 
in  the  fourth  panel  is  iW.  Now  resolving  at  Ri  the  stress  in  i-Y  =  —  slfC-tan  fl,  stress  l-.V 
-  -|-3iW-sece.  Cut  members  l-Y,  1-2  and  2-X  and  the  truss  to  the  right  by  a  plane  ari 
equate  the  horizontal  components  of  the  stresses  in  the  members.  The  unknown  stress  3~X 
will  equal  the  sum  of  the  horizontal  components  of  the  stresses  in  i-7and  1-2  with  sign  changr-'. 

(-31  -3i)H''-tanfI  -  +7PP  tans.        The    stress    in    3-I' (7  +  iDlf  tan  fl  - - 

giWt^nB.       Stress   in  4.-X (-  gj  -3!)»'tane  -  -j-  lalP'tan  P;    stress    in    5-Y  =  - 

(+  12  +  il)W-tan9  =  -(-i3iVr-tan9;  and  the  stress  in  6-X  =•  -  (-  I3i  -  liJlf-tanB- 
+  isPP-tan  9;  etc.  The  coefficients  of  the  chord  stresses  when  multiplied  by  W  tan  t  giw 
the  stresses,  while  the  coefficients  for  the  webs  when  multiplied  by  Iv-sec  $  give  the  wxL 
stresses. 

Live  Load  Stresses. —  Chord  Stresses  — The  maximum  chord  stresses  occur  when  the  join;: 
are  all  loaded,  and  the  chord  coefficients  are  found  as  for  dead  loads.  The  minimum  live  lihi: 
stresses  in  the  chords  occur  when  none  of  the  joints  are  loaded,  and  are  zero  for  each  membtT. 

Web  SIresses.—The  maximum  web  stresses  in  any  panel  occur  when  the  longer  segment  ir:: 
which  the  panel  divides  the  truss  is  loaded,  while  the  shorter  segment  has  no  loads  on  it,  T^< 
— --'-num  live  load  web  stresses  occur  when  the  shorter  segment  is  loaded  and  the  longer  scgmen 

o  loads  on  it.     The  maximum  stresses  in  members  i-X  and  1-3  occur  when  the  truss  is  fuln 
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loaded.  The  shear  ia  the  panel  isaiP,  or  yP,  and  the  Btreasin  i-A*  -  3! P- sec  9  -  +  135,400 
lb.,  while  the  stress  in  1-3  -  —  siP-aec  fl  -  —  135,400  lb.  The  minimum  stresses  in  I-Jf  and 
1-2  are  zero.  The  maximum  stresses  in  a-3  and  3-4  occur  when  6  loads  are  on  the  right  of  the 
panel  and  there  are  no  loads  on  the  left  of  the  panel.  The  shear  in  the  panel  will  then  be  equal 
to  the  left  reaction,  -  Ri  -  (6  X  3J  X  Pj/S  -  V^*.  The  stress  in  3-3  =  ^P-aecd  = 
+  94,080  lb.,  while  the  stress  in  3-4  -  —  V-P'secS  —  —  94,080  lb.  The  minimum  stresses 
in  2—3  and  3-4  will  occur  when  there  is  one  load  on  the  shorter  segment.  In  the  corresponding 
panel  on  the  nght  of  the  truss,  if  the  shorter  segment  is  loaded,  the  left  reaction  —  t-''  ~  the 
shear  in  the  panel.  The  minimum  stress  in  3-3  —  —  iP'sec  9  =  —  4,480  lb.,  while  the 
.  stress  in  3-4  =  H~  4i48o  lb.  The  stresses  in  the  remaining  panels  are  calculated  in  the 
iner.  The  maximum  chord  stresses  are  equal  to  the  sum  of  the  dead  and  live  load  chord 
The  minimum  chord  stresses  arc  the  dead  load  chord  stresses.  The  maximum  web 
stresses  are  equal  to  the  sum  of  the  dead  and  the  maximum  live  load  web  stresses.  The  minimum 
web  stresses  are  equal  to  the  algebraic  sum  of  the  dead  load  stresses  and  the  minimum  live  load 


PKOU.BU  4.    MAxnniii  and  MiNiuini  Stresses  ik  a  Pratt  Truss  bv  Algebraic 
Resolution. 


(a)  ProUem. — Given  a  Pratt  truss,  span  140*  o",  panel  length  30'  o",  depth  34'  o",  dead 

"  •■•■■■  •■      ],^j  1,600  lb.  per  lineal  foot  per  truss.    Calculate  the 

dead  and  live  loads  by  algebraic  resolution.     Scale  of 

(6)  Methods. — Ccmstruct  three  truss  diagrams  as  shown.  On  the  first  place  the  dead  load 
coefficients  and  the  dead  load  stresses.  On  the  second  place  the  live  load  coefficients  and  the 
live  load  stresses.  On  the  third  place  the  maximum  and  minimum  stresses  due  to  dead  and  live 
loads.  The  maximum  chord  stresses  are  the  sums  of  the  dead  and  live  load  chord  stresses,  white 
the  minimum  chord  stresses  are  those  due  to  dead  load  alone.  The  hip  vertical  is  simply  a  hanger 
and  has  a  minimum  strsss  of  one  dead  load  and  a  maximum  stress  of  one  live  and  one  dead  load. 
The  conditions  for  maximum  and  minimum  stresses  in  the  webs  are  the  same  as  for  the  Warren 
truss,  the  vertical  posts  having  stresses  equal  to  the  vertical  components  of  the  stresses  in  the 
inclined  web  members  meeting  them  on  the  unloaded  (top)  chord. 

(c)  Retolto. — There  a  no  dead  load  shear  in  the  middle  panel,  but  it  is  seen  that  there  are 
stresses  in  the  counters  for  live  loads.  Only  one  at  the  counters  will  be  in  action  at  one  time 
Whenever  the  center  of  gravity  of  the  loads  is  not  in  the  center  line  of  the  truss,  that  counter 
will  be  acting  that  extends  downward  toward  the  center  of  gravity.  The  numerators  of  the 
maximum  and  minimum  live  load  web  coefficients  are  o,  i,  3,  6,  10,  15,  3i,  as  (or  the  Warren 
truss.  This  shows  that  the  maximum  and  minimum  web  stresses  are  proportional  to  the  ordinates 
to  a  parabola. 

Pkoblbu  5.  Maxuiuu  and  Minimuu  Stresses  in  a  Decs  Baltiiioke  Truss  bv  Algebraic 
Resolution. 

(a)  ProbUnL — Given  a  deck  Baltimore  truss,  span  aSo'  o",  panel  length  30*  o",  depth 
40'  o",  dead  load  0.375  tons  per  lineal  foot  per  truss,  live  load  0,635  tons  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution, 

(A)  Methods. — Construct  three  truss  diagrams  and  use  them  as  shown. 

Dead  Load  Stresses. — The  auxiliary  struts  i-3,  5-6,  9-10,  etc.,  carry  a  full  dead  load  com- 
pression, while  the  auxiliary  web  members  3-3,  6-7,  lo-II,  etc.,  have  a  tensile  stress  of  JW-sec  8. 
The  stress  in  I-K  equals  the  shear  in  the  panel  multiplied  by  sec  9  =  —  6) W- sec  9.  The  stress 
ia  X-¥  equals  the  shear  in  the  panel  multiplied  by  sec  9,  plus  the  inclined  component  of  the  one- 
haff  load  that  is  carried  toward  the  center  by  the  auxiliary  member  3-3,  =  —  (si  +  JlW-sec  9 
—  —  6W-secff.  The  stress  in  3-4  is  the  vertical  component  of  the  stress  in  3-1'=  -\- f>W. 
The  stress  in  \-Y  is  the  horizontal  component  of  the  stress  in  3-F  =  —  eif-tan  9.  The  stress 
in  i-X  and  2-X  =  +  ejH'-tan  6.     The  stress  in  4-5  is  the  inchned  component  of  the  shear  in 

the    panel     --4l»'.sec»,     The    stress    in    5-X (- 6  -  4i)H'-lan  9  =  +  lojlf-tan  tf. 

The  remaining  dead  load  stresses  are  calculated  in  a  similar  manner. 

Lioe  Load  Web  Stresses. — The  maximum  shears  in  the  different  panels  occur  when  the  longer 
segment  of  the  truss  is  loaded,  while  the  minimum  shears  occur  when  the  shorter  segment  of  the 
truss  is  loaded.  The  maximum  stresses  in  the  webs  in  the  first  and  second  panels  occur  for  a 
full  live  load  on  the  bridge.  The  maximum  shear  in  the  third  panel  occurs  with  all  loads  to  the 
right  of  the  panel  and  no  loads  to  the  left.  The  shear  in  the  panel  will  then  be  equal  to  the  left 
-  II  X  iC"  +  i)i'/i4  -  UP-    The  maximum   live  load  stress  in    4-5  will  be  = 
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—  f  JP-aec  9.  With  a  maximuni  stress  in  4-5  the  stress  in  4-7  will  be  —  {—  66/14  +  7/'4)P- 
sec  9  —  —  JJP'secS.  Thia  ia  the  maximum  stress,  for  the  stress  in  4-7  when  there  is  i 
maximum  shear  in  the  panel  is  —  10  X  ii/iX  iV-^'"^  ^  ^  ~' H''''Bec0.  In  a  similar 
manner  it  will  be  found  that  maximum  stresses  in  members  8-9  and  S-ii  occur  with  a  maximum 
shear  in  8-g.  On  the  right  aide  it  will  be  seen  that  minimum  stresses  in  the  diagonals  occur  for  a 
minimum  shear  in  the  odd-numbered  panels  from  the  right. 

(e)  Reaulta. — The  dead  and  live  loads  were  assumed  as  applied  on  the  upper  chord.  The 
upper  chords  are  in  compression,  while  the  lower  chords  are  in  tension  the  same  as  for  a  througb 
truss.     The  live  and  dead  load  stresses  are  given  separately  on  the  left  side  of  the  lower  truss- 


fa)  ProUom. — Given  a  through  Baltimore  truss,  span  330'  o",  panel  length  so'  o",  dcpih 
40'  o  ,  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  1,800  lb.  per  lineal  foot  per  truss.  . 
Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  —  40'  o", 

(b)  Uethods. — Construct  three  truss  diagrams  as  shown. 

Dead  Load  Stresies. — The  shear  in  each  of  the  hai^ers  is  fV,  while  the  stress  in  each  of  the 
diagonal  auxiliary  members  is  ~-  iW-sec9.  The  stress  in  the  upper  part  of  the  end-post  is 
(+6}  +i)lV-3ec8  -  +7W-SIX9,  where  +SiW-aect  is  the  stress  due  to  the  shear  and 
+  iW-aec  9  is  the  stress  due  to  the  half  load  carried  toward  the  center  by  the  auxiliary  diagonal 
member.     The  stress  in  the  main  diagonal  in  the  third  panel  is  --  s}H'-aec  9,  where  ^\W  is  tbe 

shear  in  the  panel;  while  the  stress  in  the  diagonal  in  the  fourth  panel  is  (—  4}  —  ))IC-sec  9  = 
-~  Stf -aec  8,  where  4iH''Bec  B  is  the  stress  due  to  the  shear  in  the  panel  and  iW-aec  9  is  the 
stress  carried  toward  the  center  of  the  truss  by  the  auxiliary  member.  The  chord  coefficienta 
are  calculated  as  in  Problem  5, 

Live  Load  Stresses. — The  maximum  shear  in  the  third  panel  occurs  with  13  loads  to  tbt 
right  of  the  panel  and  with  no  loads  to  the  left  of  the  panel.  The  shear  in  the  panel  is  then  equal 
to  the  left  reaction,  equals  13  X  i(<3  +  0  X  P/16  -  \iP.  The  stress  in  the  main  diagonal 
in  the  third  pane!  is  then  equal  to  —  JiP-sec  6.     The  stress  in  the  main  diagonal  in  the  fourth 

Enel  is  (-  i\P  +  iVP)  sec  e f  jP  secS,  -  a  maximum,  the  maximum  shear  in  the  pane! 
ing   13  X  til3  -h  t)  X  P/16  =  UP.     In  like  manner  the   maximum   stresses  are   found   in 
5th  and  6th  panels  when  there  is  a  maximum  shear  in  the  5th  panel,  and  in  the  7th  and  8th  panels 

when  there  is  a  maximum  shear  in  the  7th  panel.     Minimum  stresses  in  the  3d  and  ^r*- '- 

from  the  right  abutment  occur  when  there  is  a  minimum  shear  in  the  3d  panel;  and  11 
and  6th  panels  when  there  is  a  minimum  shear  in  the  5th  panel. 

(f)  Results. — The  double  panels  next  to  the  center  require  counters.  It  should  be  noticed 
that  m  calculating  the  stresses  in  these  counters  the  diagonal  auxiliary  ties  will  have  the  dead 
load  stress  of  +  5-66  tons  as  a  minimum. 

I  Camel-back  Tkuss  bt  Algb- 

(a)  Problrai. — Given  a  Camel-back  truss,  span  100'  o'',  panel  length  20'  o",  depth  at  hip 
20'  o",  depth  at  center  ag'  o",  dead  load  300  lb.  per  lineal  foot  per  truss,  live  I«id  800  lb.  per 
lineal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads 
by  atoebraic  moments.     Scale  of  trusa,  i"  ■^  20'  o". 

(0)  Methods. — Calculate  the  arms  of  the  forces  as  shown  and  check  the  values  by  scaling 
from  the  drawing. 

Dead  Load  Slresses.~To  calculate  the  stress  in  the  end-post  LoUi,  take  center  of  moments 
at  L],  and  pass  a  aection  cutting  LtU,,  ViL,  and  LiLt.  and  cutting  away  the  truss  to  the  ri^ht. 
Then  assume  stress  LtUi  aa  an  external  force  acting  from  the  outside  toward  the  cut  section, 
and  stress  LtUx  X  14.14  —  Ki  X  20  =  o.  Now  Si  =  6  tons  and  stress  LtUi  -  -|-  8^  tons. 
To  calculate  the  stresses  in  LoLt  and  L,Lt  take  the  center  of  moments  at-Uu  and  pass  a  section 
cutting  members  t/ifi,  fjL,  and  LiLi,  and  cutting  away  the  truss  to  the  ri^ht-  Then  assume 
the  stress  in  LiLjas  an  external  forceactingfrom  the  outside  toward  the  cut  section,  and  LiLiX  20 
—  K|  X  20  =  o.  Now  R,  ^  6  tons  and  the  stress  in  Loii  ■-  L,L,  =  —  6  tons.  To  calculate 
the  stress  in  UiUt  take  the  center  of  moments  at  L,,  and  pasa  a  section  cutting  members  Uil't, 
UtLtand  L,L,',  and  cutting  away  the  trusa  to  the  right.  Then  assume  the  stress  in  LiUt  as  an 
external  force  acting  from  the  outside  toward  the  cut  aection,  and  Ui  Ut  X  24.25  —  Si  X  40  +  W" 
X  20  -  o.  Now  Si  =  6,  W  ^  i  tons,  and  the  stress  in  U^Ut  -  +  7^3  tons.  To  calculate 
the  stress  in  UiL,  take  the  center  of  momenta  at  A,  and  pass  a  section  cutting  membera  UiL't, 
£/iLi,  and  LiLi.  and  cuttuig  away  the  truss  to  the  right.    Then  assume  the  stresa  in  ViLiasan 


3  Dv  Cookie 


STRESSES  IN  BRIDGE  TRUSSES.  66V 

extern^  force  acting  from  the  outside  toirard  the  cut  aectioD,  and  UiLt  X  70.7  +  -Ri  X  60 
-  W  XSo  -o.  Now  ifi  -  6  tons  and  fP  -  3  tons,  and  UtLt  X  70.7  =  -  IJO  ft.-tons,  and 
stress  UiLi  "  —  1.70  tons.     The  other  dead  load  stresses  are  calculated  as  shown. 

Lioe  Load  Sirtsses. — The  live  load  chord  stresses  are  equal  to  the  dead  load  chord  stresses 
multigJied  by  8/3.  The  maximum  stress  in  ViLt  will  occur  with  loads  at  Lt,  L\,  and  L\,  while 
the  maximum  stress  in  counter  JJ\h\  will  occur  with  a  load  at  Li  only.  The  maximum  tension 
in  l}iL\  will  occur  with  all  the  live  loads  on  the  bridge,  while  the  maximum  compression  will 
occur  when  there  is  a  maximum  stress  in  the  counter  UtLJ,  loads  at  Li  and  Li',  The  details 
oi  the  solution  are  shown  in  the  problem. 

(c)  Results. — ^The  stress  in  the  counter  U^Lt  and  the  chords  UiVt  and  iiLi'  may  be 
ralculated  by  the  method  of  coefficients,  and  will  be  the  same  as  for  a  truss  with  parallel  chords 
having  a  depth  of  35'  o".  The  maximum  stress  in  VtLi  will  occur  with  loads  Lt'  and  L\'  on  the 
bridge,  when  the  left  reaction  equals  2  X  3P/5  -  \P.  The  Kress  in  I/jLi'  =  —  JP-sec  9 
=  -  6.15  tons. 

Pkobleh  8.    Maximum  and  Miniuum  Stresses  in  a  Tbrough  Warken  Tbuss  bt 
Graphic  Mouents. 

(a)  Protdem. — Given  a  through  Warren  truss,  span  140'  o",  panel  length  20'  o",  depth 
30'  O  ,  dead  load  Soo  lb.  per  lineal  foot  per  truss,  live  load  1,100  tb.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  by  graphic  moments.  Scale  of  truss,  l"  =  30'  O". 
Scale  of  loads,  l"  =  so,ooo  lb. 

(6)  Methods.  Ciutrd  Stresses. — Calculate  the  center  ordinate  of  the  parabola  —  w  L'jM 
=  98,000  lb.,  and  lay  it  off  at  5  to  the  prescribed  scale.  Now  lay  off  the  vertical  line  I-5  at  the 
left  and  right  abutments.  Make  1-2  =  2-3  =  3-4  =  3  (4-5).  Draw  the  [ndined  lines  i-*5, 
2—5,  3—5,  4—5.  5-5.  The  intersections  of  these  lines  with  verticals  let  drop  from  the  lower  chord 
points  are  points  in  the  stress  parabola  for  the  upper  chord  stresses.  The  stresses  in  the  lower 
chords  are  the  arithmetical  means  of  the  stresses  in  the  upper  chords  on  each  side.  By  changing 
the  scale  the  live  load  stresses  may  be  scaled  directly  from  the  diagram. 

Wtb  Stresses. — At  the  distance  of  a  panel  to  the  left  of  the  left  abutment  lay  off  the  vertical 
line  1-8  eoual  to  one-half  the  total  live  load  on  the  truss,  to  the  prescribed  scale,  equal  1,200  X  70 
=  84,000  lbs.  Now  divide  the  line  1-8  into  as  many  equal  parts  as  there  are  panels  in  the  truss, 
and  mark  the  points  of  division  2,  3.  4,  etc.  Connect  these  points  of  division  with  the  panel 
point  7,  the  first  panel  point  to  the  left  of  the  right  abutment.  Drop  verticals  from  the  panel 
points  of  the  lower  chord  of  the  truss  to  the  line  1-8,  and  the  intersections  of  like  numbered  lines 
will  give  points  on  the  curve  of  maximum  live  load  shears. 


the  dead  load  shear  diagram,  lay  off  3II''.  downward  to  the  prescribed  scale 
under  the  left  abutment,  and  reduce  the  shear  under  each  load  to  the  right  by  W,  until  the  dead 
load  shear  is  —  3W  at  the  right  abutment.  The  dead  load  shear  di^^m  is  then  constructed  as 
shown. 

Maximum  and  Minimum  Web  Stresses. — The  maximum  shear  in  any  panel  is  then  the  ordinate 


e  rieht  of  the  panel  point  on  the  left  end  of  the  panel,  and  the  stresses  in  the  web  members 

alculated  by  drawing  lines  parallel  to  the  corresponding  memt>er  as  shown.     Posirivc  stresses 

!   measured  downwards  from  the  live  load  shear  curve,  and  negative  stresses  arc  measured 


upwards  from  the  live  load  shear  c 

(c)  Results.— This  method  is  an  excellent  one  for  illustrating  tf>e  effect  of  the  different 
lystems  of  loads,  but  consumes  too  much  time  to  be  of  practical  use.  It  should  be  noted  that 
the  maximum  ordinate  to  the  chord  parabola  is  not  a  chord  stress  in  a  Warren  truss  with  an 
3dd  number  <A  panels. 

Pboblbm  9.     Maxihidi  and  Minimuu  Stresses  in  a  Petit  Truss  bv  Algebraic 
Moments. 

(a)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  23'  o",  depth  at  the  hip 
;o'  o",  depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss,  live  load  1.4  tons  per 
ineal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads 
)y  algebraic  moments.     Scale  of  truss,  l"  =  40'  o".     Scale  of  lever  arms,  any  convenient  scale. 

(b)  Methods. — Construct  a  truss  diagram  carefully  to  scale  as  shown.  Construct  one- 
lalf  the  truss  to  scale  on  a  large  piece  of  paper  and  calculate  the  lever  arms  as  shown,  and  check 
jy  scaling  from  the  diagram.     The  methods  of  calculation  will  be  shown  by  two  examples: 

I.  Stresses  in  Tie  6-7.     Dead  Load  Stress. — Pass  a  section  cutting  members  ^-X,  6-7.  and 

'■y-Y,  and  cutting  away  the  truss  to  the  right.     The  center  of  moments  will  be  at  A,  the  inter- 

lection  of  chords  7- A"  and  ft-Y.     Now  assume  the  stress  in  6-7  as  an  external  force  acting  from 

he    outside  toward  the  cut  section.    Then  for  equilibrium  6-7  X  477-0  +  Jii  X  575  —  SW 

37  -,  .■ 
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X  625  —  o.  Now  Ri  —  146-35  tons  and  W  -  22.5  tons,  and  solving  the  equation  gives  strea 
6-7  -  -  87.8  tons. 

Line  Load  Stresses. — The  maximum  live  load  streaa  in  fc-7  will  occur  with  the  longer  segment 
of  the  truss  loaded.  Taking  moments  about  point  A  06  tor  the  dead  toads  the  maiumtun  1it« 
load  stress  6^  X  47?''  +  *i  X  575  -  °-  Now  Si  -  55/14  X  35  tons  -  137.5  tons,  and  the 
stress  in  6-7  -  —  165.8  tons. 

The  mmimum  live  load  stress  in  6-7  will  occur  with  the  shorter  segment  of  the  truss  loaded 
Taking  momenta  about  the  point  .4,6-7  X  477-0  +  A  X  575  -  3  J"  X  625  =  o.  Now  Ri  =  V 
tons,  f  =  35  tons,  and  stress  in  6-7  -  +  29.1  tons. 

2.  Stresses  in  Tie  4-?-  Dead  Load  Stress.— Pom  a  section  cutting  members  7-X,  4-7.  4-5 
and  S-K,  and  cutting  away  the  truss  to  the  right.  Now  assume  the  stress  in  4-7  as  an  eitemii 
force  acting  from  the  outside  toward  the  cut  section.  Then  for  equilibrium  about  the  point  A, 
stress  J-7  X  477.0  +  R,  X  575  -  a'ress  4-5  X  442.0  -  2H'  X  612.5  =  o-  Now  the  member 
4-5  will  carry  one-half  the  load  carried  by  5-6,  and  the  stress  equals  1/2  X  22.5  X  I-414  = 
+  15.9  tons.     Ri  -  146.25  tons,  and  sW  —  45  tons.     Then  stress  4-7  -  —  103.6  tons. 

Live  Load  Stresses. — The  maximum  live  load  stress  in  4-7  will  occur  with  the  longer  scgmeci 
loaded.  Taking  momenta  about  A  as  for  dead  loads,  stress  4-7  X  477-0  +  Ri  X  575  —  strtu 
4-5  X  442.0  -  o.  Now  stress  4-5  =  +  24.8  tons,  and  R,  -  66/14  X  35  -  1*5  tP"«-  f*™ 
stress  4-7  -  -  175-7  tons. 

The  minimum  live  load  stress  in  4-7  will  occur  with  two  loads  to  the  left  of  the  panel.  Taking 
moments  about  the  point  A,  the  stress  4-7  X  477-0  +  fli  X  575  -  sP  X  6f2.5  -  o  Nds 
Jii  -  62.5  tons  and  2/*  -  70  tons.^   Then  stress  4-7  -  +  i4-5  tons. 

The  stresses  in  the  members  in  the  first  and  second  panels  and  in  the  two  middle  panel- 
may  be  calculated  by  coefficients-  Check  up  the  dead  load  chord  stresses  by  comparing  will 
13  obtained  by  graphic  resolution  in  Problem 


Pkoblbu  I 

{a)  Problem. — Given  a  Pratt  truss,  span  165'  o",  panel  length  23'  6J",  depth  30*  o",  liv; 
load  Cooper's  E  60  loading.  Calculate  the  position  of  the  loads  and  the  maximum  and  minimum 
stresses  due  to  the  prescribed  loading  by  algebraic  moments-    Scale  of  truss,  i"  =■  25'  o". 

(ft)  Methods.  Chord  Stresses.— CaXcwa,K  the  position  of  the  wheels  tor  a  maximum  bending 
moment  at  the  different  joints  in  the  lower  chord.  The  criterion  for  maximum  bending  momtal 
at  any  joint  in  a  Pratt  truss  is,  "  the  average  load  on  the  left  of  the  section  must  be  the  same 
aa  the  average  load  on  the  entire  bridge,"  Slaving  determined  the  wheel  that  is  at  the  joint  for 
a  maximum  moment,  calculate  the  maximum  bending  moment  as  shown  Having  calculated 
the  maximum  bending  moments,  the  chord  stresses  are  found  by  dividing  the  bcndmg  momen: 
by  the  depth  of  the  truss.     The  moment  diagram  is  given  in  Table  \b.  Chapter  IV. 

Wei)  5t««M.— Calculate  the  position  of  the  wheels  for  maximum  shears  in  the  different 
panels.  The  criterion  for  maximum  shear  in  a  panel  is,  "  the  load  on  the  panel  must  equal  the 
load  on  the  bridge  divided  by  the  number  of  panels."  The  criterion  for  maximum  bendic; 
moment  at  Li  is  the  same  as  the  criterion  for  maximum  shear  in  panel  LbLi.  Havii^  deter- 
mined the  position  of  the  wheels  for  maximum  shears  in  the  different  panels,  calculate  the  maxi- 
mum shears  as  shown.     The  stress  in  a  web  is  equal  to  the  shear  in  the  panel  multiplied  by  sec  f. 

Ploorbeam  Reaction. — The  stress  in  the  hip  vertical  U,L,  is  equal  to  the  maximum  floorbeam 
reaction.  This  b  calculated  as  follows:  Take  a  simple  beam  with  a  span  equal  to  the  sum  of  iw.) 
panel  lengths  and  calculate  the  maximum  bending  moment  at  the  point  in  the  beam  correspondia 
---'-''■■-•■  ■■"...  '■■  Thisb--'^ ----...-.■- 


o  the  panel  point;  in  this  case  it  will  be  the  center  of  the  span-  This  bendi:^  moment  multiplifd 
by  the  sum  of  the  panel  lengths  divided  by  the  product  of  the  panel  lengths  will  be  the  maximum 
floorbeam  reaction;  in  this  case  the  maximum  bending  moment  at  the  center  will  be  multi)^ifd 
by  3  divided  by  the  panel  length. 

(c)  ReBolts. — When  the  maximum  stresses  occur  in  chords  UtUi,  VtUt  and  LtL,',  counlcr 
Vt'Lt  is  in  action.  It  occasionally  happens  that  there  is  more  than  one  position  of  the  loadii^ 
that  will  satisfy  the  criterion  for  maximum  bending  moment.  In  this  case  the  moments  for  each 
loading  must  be  calculated. 

PXOBLBH    t 

(o)  Problem. — Given  the  portal  of  a  bridge  of  the  type  shown,  inclined  height  30'  o",  center 
to  center  width  15'  o",  load  S  =  2,000  lb.,  end-posts  pin-connected  at  the  base.  Calculate  the 
stresses  by  algebraic  moments  and  check  by  graphic  resolution.     Scales  aa  sb^i|r^  I ,  - 
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(b)  H«tliods. — Now  H  —  W  -  1 ,000  lb,      V  -  ~   V,  and  by  talcing  momente  about  fl, 

7  =  30  X  2,000/15  -  4.000  lb.  -  -  r. 

Algebraic  Moments.— In  passing  sections  care  should  be  used  to  avoid  cutting  the  end-posts 
/or  the  reason  that  these  members  are  subject  to  bending  stresses  in  addition  to  the  direct  stresses. 
To  calculate  the  stress  in  member  \-Y  take  the  center  of  moments  at  joint  (1)  and  pass  a  section 
cutting  members  4-6,  3-4  and  3-  Y,  and  cutting  the  portal  away  to  the  left  of  the  section.  Then 
assume  stress  ^-Y  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-/ 
X  10  X  0.447  +  H  X  3°'  =  o.  The  stress  in  3-F  =  -  6,710  lb.  The  remaining  stresses  are 
calculated  as  shown. 

Graphic  Resolution. — Lay  off  0-/1  -  A-h  -  H  -  1,000  lb.,  and  A-Y  -  V  -  4,000  !b. 
Then  beginning  at  point  B  in  the  portal  the  force  polygon  for  equilibrium  is  a-A-Y-l'-a,  in 
which  I'-a  is  the  stress  in  the  auxiliary  member  l~a,  and  Y-i'  is  the  stress  in  the  post  i~Y  when 
the  auxiliary  member  is  acting.  The  true  stress  in  t-F  is  equal  to  the  algebraic  sum  of  the  vertical 
components  of  the  stress  I'-a  and  Y-i',  and  equals  V'  —  -~  4,000  !b.  Next  complete  the  force, 
triangle  at  the  intersection  of  the  auxiliary  members.  Stress  i  '-a  is  known  and  the  force  triangle 
iao-i'-a'-a,  the  forces  acting  as  shown.  The  stress  diagram  is  carried  through  in  the  order  shown, 
checking  up  at  the  point  A.  The  correct  stresses  are  shown  by  the  full  lines  in  the  stress  diagram. 
The  true  stress  in  3-2  will  produce  equilibrium  for  vertical  stresses  at  joint  (l)  aa  shown.  The 
maximum  shear  in  the  posts  'a  H  "  1,000  lb.  The  maximum  bending  moment  in  the  posts  will 
occur  at  the  foot  of  the  member  3- J",  joint  (3),  and  is  M  =  1,000  X  20  X  12  =  240,000  in,-lb. 

(c)  ReBolta. — The  method  of  graphic  resolution  requires  less  work  and  is  more  simple  than 
the  method  of  algebraic  moments. 

Note:  The  portal  b  not  pin-connected  at  joints  (3}  and  the  corresponding  joint  on  the  oppo- 
site side,  as  mignt  be  inferred  from  the  figure. 

PsoBLKU  13.    Wind  Load  Stresses  in  a  Trestle  Bent. 

(a)  Problma. — Given  a  trestle  bent,  height  45'  o",  width  at  the  base  30'  o".  width  at  the  top 
9'  o",  wind  loads  Pa,  Pu  Pt,  Pt.  Pt.  as  shown.  Calculate  the  stresses  in  the  members  of  the 
bent  due  to  wind  loads  by  algebraic  moments,  and  check  by  calculating  the  stresses  by  graphic 
resolution.  Assume  that  the  diagonal  members  are  tension  members,  and  that  the  dotted  members 
are  not  acting  for  the  wind  blowing  as  shown.  Scale  of  truss,  l"  —  10'  o".  Scale  of  loads, 
1"  =  3,000  lb. 

(6)  Uethods. — Algebraic  Momenls.^-To  calculate  the  stresses  in  the  diagonal  members  take 
centers  of  moments  about  the  point  A,  the  point  of  intersection  of  the  inclined  posts.  Then  to 
calculate  the  stress  in  3-4,  pass  a  section  cutting  members  i-X,  3-4  and  4-F;  assume  that  the 
stress  in  3-4  is  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-4  X  15.9' 

+  3,000  X  19.3'  +  3.000  X  I !  .3'  -  o.     The   stress   3-4 5,800   lb.     Stresses   in   4-5,   5-6, 

6-7,  7-8  and  8-Z  are  calculated  in  a  similar  manner.  To  obtain  reaction  Ri  take  moments  about 
R,.  and  R,  X  30'  -  2,ooo  X  IS'  -  a,«»  X  30'  -  3.o<»  X  45'  -  3.a)0  X  53'  =  o.  Then  Ri 
=  12,800  lb.  -  -  «,. 

To  calculate  the  stress  in  4.-Y,  take  center  of  moments  at  joint  Pi,  and  pass  a  section  cutting 
memb«^  5-^.  4-5  and  4-}',  and  assume  the  stress  in  4-Y  as  an  external  force  acting  from  the 
outside  toward  the  cut  section.  Then  a-Y  X  15.6'  —  3,000  X  15'  —  3,000  X  23'  —  o.  Then 
4-1'  -  +  7,300  lb. 

Graphic  ResohUion.^-The  load  Pt  is  assumed  as  transferred  to  the  bent  by  means  of  the 
auxiliary  members.  The  loads  Pg,  Pi,  Pi,  Pi,  Pt  are  laid  off  as  shown,  and  with  the  load  Pt  the 
stress  triangle  Y-X-3  is  drawn.     The  remainder  of  the  solution  is  easily  followed. 

(c)  Rraults. — The  stress  in  the  auxiliary  member  z-K  actsas  a  load  at  the  top  of  post  4-Y. 
Load  Pd  is  the  wind  load  on  the  train  and  is  transferred  to  the  rails  by  the  car.  For  tne  reason 
that  the  wind  may  blow  froirt  the  opposite  direction,  both  sets  of  stresses  must  be  considered  in 
combination  with  the  dead  and  live  load  stresses  in  designing  the  columns. 
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CHAPTER  XVII. 
The  Design  of  Steel  Details. 


IntrodoctloiL — The  deaign  of  any  structure  involves  the  design  of  the  different  members 
id  the  connections.  In  this  chapter  the  design  of  the  various  steel  details  will  be  considered  as 
Uy  and  completely  as  the  limited  space  permits.  The  design  of  the  members  and  details  of  a 
ccl  structure  are  governed  by  the  specifications  for  the  particular  structure.  Reference  will 
:  made  by  section  and  page  to  the  various  specifications  in  this  book. 

MEMBERS  IN  TENSION.— Several  different  methods  for  making  end  connections  of  bars  are 
Lown  in  Fig.  I.  Loop  Bars,  (a)  Fig.  i,  are  used  for  lateral  bracing  on  highway  bridges,  buildings 
id  towen,  with  tumbucklea  or  sleeve  nuts,  to  make  them  adjustable  as  shown  in  Tables  93  and 
t-  (All  tables  numbered  with  Arabic  numerals  are  in  Part  11.)  Clevises,  (6)  Fig.  1,  are  used 
I  secure  the  ends  of  bars  used  as  lateral  bracii^  on  highway  bridges  and  on  buildii^.  The  pin 
ay  be  either  a  cotter  pin  as  shown  in  Table  96,  or  a  bridge  pin  as  shown  in  Table  95.  Ordinary 
'e-bars,  (s)  Fig,  I,  are  used  principally  for  lower  chords  and  main  ties  on  bridges.  Data  for  eye- 
m  are  given  in  Table  91.  Counters  are  made  of  adjustable  eye-bars  as  shown  in  Table  91. 
ottom  lateral  plates  or  skew-backs,  (d)  Fig.  1,  are  used  to  secure  the  ends  of  bottom  lateral  rods 
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(d)  Bottom  Lateral  Plate 

or  ^^wback.  (F)  Cooper  Hitch.  (h)  B&'^ed  Washer,  Cast  Iron. 

Fig,  I.    Details  of  Tension  Meubers. 

f  highway  bridges  and  are  shown  in  Table  131.  Top  lateral  plates  or  U-plates,  (e)  F^.  i,  are 
sed  for  top  lateral  connections  on  highway  bridges  and  for  lateral  bracing  on  buiklii^s,  highway 
'ridges  and  towers,  see  Table  133.  The  Cooper  hitch  has  the  same  uses  as  the  top  lateral  plate. 
'he  angle  as  shown  in  (e)  Fig.  I  is  used  for  end  connections  for  light  bars  in  buildings  and  towers, 
ee  Table  120.  Cast  iron  beveled  washers,  (A)  Fig.  i,  are  used  for  end  connections  of  di^onal 
iracing,  see  Table  120.  The  ends  of  bars  should  be  upset  as  shown  in  Tables  89  and  90,  so  that 
he  strength  in  the  threads  will  be  greater  than  the  strength  of  the  main  body  of  the  bar.  The 
limensions  of  tie  rods  for  beams  are  shown  in  Table  105. 
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In  selecting  bars  in  tension  the  area  is  determined  by  the  fonuuU: 

where  A  is  the  required  area,  P  the  total  tenuon  in  the  bar  and  ft  the  allowable  unit  tennle  BOts^ 
The  following  problems  are  given  to  illustrate  the  use  o(  the  tables  in  selecting  the  details  k-: 
bars,  etc. 

Loop  Bar. — Select  a  loop  bar  to  carry  a  tensile  stress  of  48,000  lb.,  one  end  passing  around  « 
3  in.  pin  and  the  other  end  around  a  3!/^  in.  pin,  the  center  to  center  distance  between  pins  bein; 
30'  o", 

ife/eroiCM.— Specification  {  8,  p.  55;  S  33,  p.  57;  {  84,  p.  60;  %  91,  p.  61 ;  }  104,  p.  6r;  \  lof, 
p.  62;  I  116,  p.  61;  537,  p.  141;  !49.  p.  142;  !6l,  p.  141;  !  14,  p.  206;  S  36,  p.  206;  515,  p.  ftf. 
S36.  p-zio;  S  230- p- 363;  S8,  P-379;  S42.  p-  381;  S28.  p.  385. 

Solulion. — Using  an  allowable  unit  stress  of /(  —  16,000  lb.  per  sq.  in.,  the  area  required  ii 

.       P      48.000 

Abar  rJi  in- square  has  an  area  of  3.06  sq.  in.  (Table  6),  and  as  in.  round  bar  has  an  area  of  3.11 
sq.  in.  (Table  6).  Either  bar  could  be  used.  Using  the  iH  in.  square  bar  the  additional  lenki- 
required  to  pass  around  a  3  in.  pin  is  1'  11"  (Table  92),  and  for  a  3M  in.  pin  is  2'  i",  makingi 
necessary  to  add  4'  □"  to  the  center  to  center  distance  of  pins  to  obtain  the  total  length  of  bar. 

If  a  tumbuckle  is  used  the  upset  required  on  a  i^  in.  square  bar  is  aj^  in.  in  diameter  and  5';j 
in.  long  (Table  8g),  requiring  4!^  in.  extra  material  Co  make  each  upset,  or  9  in.  for  the  two  up-| 
sets.  The  weight  of  a  lurnbuckle  for  a  2H  in.  screw  is  25  lb,  (Table  94).  The  clearance  betwfei 
the  ends  of  the  screws  for  all  turnbuckles  is  5  in.  (Diagram  at  top  of  Table  92). 

The  total  length  and  weight  of  the  I?i  in.  square  bar  is  therefore: 
c.  toe.  of  pins,  less 5  in.,  —  39'  7"  of  i?^  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  —  308.0 Ik 
Material  for  3  loops          ■=    4' o"  of  i^  in.  square  bar,  @  10.41  lb.  perft.  (Table  6)  —     41.61b. 
Material  for  2  upsets       =    o'  9"  a!  1%  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  —      7.8  lb. 
One  Tumbuckle  @  25       lb.  (Table  94)  -  _25.o  'if-i 

Total  Length  =  34'  4"  Total  Weight  =  3824  It. 

If  a  sleeve  nut  is  used,  instead  of  a  tumbuckle,  its  we^ht  for  a  3]/^  in.  screw,  is  19  lb-  (Table 
94}.  The  clearance  between  the  ends  of  the  screws  is  3  in.  for  all  sleeve  nuts  (Diagram  at  the  Mp 
of  Table  92). 

The  total  length  and  weight  of  I  ?i  in.  square  bar  when  a  sleeve  nut  is  used  is  therefore: 
c,  to  c,  of  pins,  less  3  in.,  -  29'  9"  of  I  ?i  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  —  309.8  Ik 
Material  for  3  loops          —    4'  o"  of  i  */i  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  —     4i.6ltu 
Material  for  2  upsets        =    o'g"   of  i^  in.  square  bar,  @  10.41  lb.  per  ft.  (Table6)  =       7.8IU 
One  sleeve  nut  @  19      lb.  (Table  94)  —  _I9^  H' 

Total  Length  -  34'  6"  Total  Weight  "  378.2  IV. 

Bar  with  Clerista.— Select  a  bar  to  carry  a  tensile  stress  of  48,000  lb.,  the  ends  to  be  hiU 
by  clevises,  the  distance  center  of  pins  being  12'  o". 

References. — Same  asfor  loopbar,aUoS  41,  p.  58;  {39, and  S41,  p.  141;  {  17,  {  18, and  E 1^ 
p.  209. 

Solution. — Using  an  allowable  unit  stress  of /■  <>  16,000  lb.  per  sq.  in.,  the  area  required  is 

.      P      48.000         _ 

A  bar  1%  in.  square  has  an  area  of  3.06  sq.  in.  (Table  6),  and  a  3  in.  round  bar  has  an  area  of  3.11 
sq.  in.  (Table  6).  Either  bar  could  be  used.  Using  the  iK  in-  square  bar  a  No.  6  clevis  b 
required  (Table  93). 
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The  size  of  pin  required  by  shear  and  moment  can  be  obtained  from  the  lower  part  of  Table 
3,  and  is  a  3  in.  pin  if  the  forks  are  closed,  or  a  3  in.  pin  if  the  forks  are  used  straight.  The 
lickness  of  connection  plate  required  by  bearing  when  a  2  in.  pin  is  used,  is  48,000  -t-  (2.00  X  14,- 
Xi)  =  1. 00  in.,  if  a  3  in,  pin  is  used  the  plate  must  be  48,000  +  (3,00  X  24,000)  -  0.66  in. 

The  weight  of  the  bar  and  two  clevises  is  estimated  as  follows: 

The  length  of  the  rod,  allowing  tor  clearance,  etc.,  must  be  reduced  byX  —  J^in,  —  8  —  H 
■  7'i  in.  (Tabk  93)  at  each  end,  or  a  total  of  2  X  7H  =  i'  3"-  The  diameter  of  upset  for  a 
H  in.  square  bar  is  3^  in.,  which  requires  4!^  in.  material  to  make  each  upset  (Table  89),  or  9 
L  for  both  upsets. 

The  total  length  and  weight  of  1%  in.  square  bar  is: 
.  toe.  of  pins,  less  i'  3",  —  10' 9"  of  I  }<  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  —  1 11.91b. 
faterial  for  3  upsets  —    o'  9"  of  I  ^  in.  square  bar,  @  ro.41  lb.  per  ft.  (Table  6)  =      7.8  lb. 

Two  No.  6  clevises  @  36       lb.  (Table  93)  =    52.0  lb. 

Total  Length  =  11'  6"  Toul  Weight  =-  171.7  lb, 

Eys-Bar. — Select  an  eye-bar  to  carry  a  tensile  stress  of  190,000  lb.,  with  an  8  in.  pin  at  one 
nd  and  a  6}.^  in.  pin  at  the  other  end,  the  length  center  to  center  of  pins  being  25'  o". 

RxfereTtas.—i  3i.  p.  57;  i  106,  p.  62;  S  162,  p.  66;  S  37,  P-  141:  §  9*.  P-  I44i  S  Hi,  P-  "45: 
171.  p.  147;  I  14.  p.  3o6;  i  36,  p.  2o6;  "Minimum  Bar,"  p.  207;  j  83,  p.  207;  5  15,  p.  209; 
36,  p.  210;  {  83,  p.  213;  J  136,  p.  216;  S  163,  p.  318. 

Soiulian. — Using  an  allowable  unit  stress  of  /,  ••  16,000  lb.  per  sq.  in.,  tbe  area  required  is, 


190,000 


1.87  sq.  i: 


L  bar  8  in.  X  iH  in-  has  an  area  of  12.00  sq.  in.  (Table  1).  From  Table  91,  the  maximum  thick- 
ess  allowed  for  an  8  in.  bar  on  a  6^^  in.  pin  is  3  in.,  and  the  minimum  is  i  in.  (The  value  6^ 
I.  does  not  appear  in  the  table  but  it  is  less  than  7  in.,  which  is  the  maximum  pin  which  can  be 
sed  if  the  die  referred  to  is  used.)  For  an  8  in.  pin  the  maximum  thickness  is  2  in.  and  the 
linimum  iH  in.     The  bar  selected  satisfies  these  requirements  as  to  thickness. 

The  extra  length  of  bar  required  to  form  a  head  for  a  6^  in.  pin  (die  for  7  in.  pin)  is  2'  8"  for 
rdering  the  bar,  and  3'  3"  for  estimating  the  weight,  and  for  an  8  in.  pin  3'  o"  and  2'  6",  lespec- 
vely  (Table  91). 

The  total  length  and  weight  of  eye-bar  is  therefore: 

to  c.  of  pins                    -  25'  o"  of  8  in.  X  1 H  in.  bar.  @  40.8  lb.  per  ft.  (Table  2)  -  1020.0  lb. 

ye  forSMin.  pin             -  .  2' 3"  of  Sin.  X  1}^  in.  bar;  @  40.8  lb.  per  ft.                  -  91.8  lb. 

ye  for  8  in.  pin                —    2'  6"  of  8  in.  X  ij^in-lwr,  ©40.8  lb.  per  ft.                  -  102.0  lb. 

Total  Length                -  39'  9"                                            Total  Gross  Weight           =  1213.8  lb. 

The  weight  which  must  be  deducted  for  pin  holes  (Table  6)  is. 

Pin  hole  for  6^  in.  pin  is  1.5  +  12  X  I12.8  -  14.1  lb. 

Pin  hole  for  8  in.  pin  is      1.5  t-  12  X  171.0  ■  31.4  lb. 

Total  weight  to  be  deducted  —  35.5  lb. 

he  net  weight  of  the  eye-bar  b  then  1313.8  —  35.5  =  1178.3  lb. 

For  the  design  of  an  eye- bar  subject  to  flexure  due  to  its  own  weight,  see  "ComluDed  Flexure 
nd  Direct  Stress"  in  this  chapter. 

Angla  In  Tenalait. — Select  an  angle  to  carry  a  tensile  stress  of  40,000  lb.,  using  H  in.  rivets. 

Rgferentes.—i  33,  p.  57;  S  39.  P-  57;  !  40.  P-  58;  i  79,  p.  60;  S  83,  p.  60;  {  84,  p.  60;  !  85, 
.60;  S89,  P-  61;  S  io4p  P'  61  i  i^^-  P-  ^°5:  !37.  p.  141:  §43.  P-  '41;  !  60.  p.  143;  5  79,  p.  144; 
80,  p.  144;  S  14,  p.  206;. S  26,  p.  3o6;  i45,  p.  3o6;  "Fasten!:^  Angles,"  p.  207;  J  15,  p.  209; 
26,  p.  210;  i  38,  p.  aio;  i  57,  p.  210;  {  74,  p.  313;  p.  219;  p.  223;  S  232,  p.  363^  i  8,  p.  379- 
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SohiUoH. — If  fastened  by  both  legs  as  in  F^.  2  the  load  may  be  conddered  as  axial  and  tl» 
required  net  area,  using  an  allowable  unit  stresB  of /i  ■■  16,000  lb.  per  sq.  in.,  is 

Try  one  angle  4"  X  4"  X  H".  Gross  area  -  2.86  iq.  in.  (Table  23  or  Table  as)-  N'l 
area,  deducting  one  %  in.  hole  iot  a  H  in.  rivet  "  2.86  —  .33  -  2.53  sq.  in.  (Table  116).  Tta 
angle  will  (,atis(y  the  conditions.     This  result  can  be  obtained  directly  from  Table  39. 

If  the  angle  is  fastened  by  one  leg  as  in  F^.  3,  the  load  will  be  eccentric  and  the  probkz 
more  difficult.  An  approximate  solution  is  to  consider  only  the  area  of  the  attached  leg  as  efii.'c;' 
ive.    The  solution  would  then  be,  as  before  I 

.       P      40,000 


1 

o„o„o„o„ 

j 

o^o^o^oy 

1 

Fia.  a.    Angle  Connected  bv  Both  Legs.  Fig.  3.  Angle  Connected  by  One  LEa  I 


Try  one  angle  6"  X  4"  X  H"  with  6  in.  leg  attached.  Gross  area  of  6  in.  leg  •=  6  X  =i 
—  3.00  sq.  in.,  net  area  —  3,00  —  .44  <=  2.56  sq.  in.,  which  will  satisfy  the  conditions.  I 

Built-up  Tension  Member. — Design  a  built-up  member  to  carry  a  tensile  stress  of  390,000 
lb.,  using  T4  in.  rivets. 

Rrferencet. — 533.  P-  57:  S  83.  P-  60:  S  84,  p.  60;  5  89,  p.  6r;  }  90,  p.  61;  S  loi,  p.  61:  {37. 
p.  141;  S44,  p.  141;  S6t,  p.  143;  S75,  p.  143;  i  14  and  $36,  p.  206;  {38,  p.  210;  S  38,  p.  zic: 
(53.  p.  2iii  S8a,  p.  213;  p.  219;  ill,  p.  382. 

Solution. — Uung  an  allowable  unit  stress  of /i  ■•  16,000  ib.  per  sq.  in.,  the  net  area  rcqtiiredii. 


3?o.a 
i6,oc 


=  24.4 


Try  4  angles  3 H"  X  3!^"  X  )^"  and  2  plates  18  in.  X  H  in.,  as  shown  in  Fig.  4.  Gross  ami 
r^  18.00  +  13,00  —  31.00  sq.  in.  Referrii^  to  F^.  4,  it  will  be  seen  that  the  section  n-n  h  ibr 
least  section  in  the  body  of  the  member  and  that  four  rivet  holes  should  be  deducted  from  ead 
side  to  obtain  the  net  section,  giving  a  net  area  of  31.00  —  4.00  —  2.00  —  25.00  sq,  in.,  4.00  s- 
in.  beii^  the  area  of  holes  in  the  plates  and  2.00  sq.  in.  being  the  area  of  holes  in  the  aisles.  In- 
ducting I  in.  holes  for  J^  in.  rivets.     This  section  has  sufficient  area,  24.4  sq.  in.  being  requinl- 

If  the  ends  of  the  members  are  to  be  riveted  they  should  be  designed  as  outlined  uDdtf 
"Riveted  Connections  and  Joints"  in  this  chapter,  j 

If  the  ends  are  to  be  pin-connected  they  may  be  designed  as  follows.  Assume  that  sVi  ^ 
pins  are  to  be  used  at  each  end.  The  bearing  area  required  allowing  a  unit  stress  of  14,000  ^ 
per  sq,  in.,  is  390,000  +  24,000  —  16.2  sq.  in.  This  requires  a  total  thickness  of  plates  of  16.3  * 
5-5  =  3-95  in,,  or  1.48  in.  on  each  «de.  The  web  plates  are  ^  in.,  the  (ill  ^tes  must  be  at  kM 
\4  in.,  the  thickness  of  the  angles  being  J^  in.,  and  using  V£  in.  outside  plates  the  total  thicknessti 
plates  is  1.50  in.,  which  satisfies  the  conditions,  1.48  in.  being  required. 
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The  net  area  through  the  pin  hole  (section  m-m)  must  be  35  per  cent  tn  excess  of  the  net 
area  of  the  body  of  the  member  according  to  a  common  apetufication.  It  will  probably  be  necea- 
sary  to  deduct  the  area  of  the  pin  bole  and  two  rivet  holes  on  each  side,  the  rivet  holes  being  so 
near  the  section  m-m,  see  F^.  4.  The  gross  area  through  the  pin  hole  is,  web  plates  3  X  18  X  H 
=  18.00  sq.  in.,  angles  4  X  3x5  =  13-OO  sq.  in.,  fill  plate  2  X  II  X  >j  —  ii.oo  aq.  in.,  outside 
plate  3  X  17  X  J^  —  1700  sq.  in.  makii^  a  total  gross  area  of  59.00  sq,  in.  The  net  area  is 
59.00  —  3  X  5.5  X  1.5  —  4  X  I  X  i^^  ~  36.5  sq.  in.  The  required  net  area  through  the  pin 
bote  is  1.35  X  ^S-OO  =  31.3  sq.  in. 


OOO; 

Secihnm-m     ij?!.^^.  j  5eUfdn  n-n 

m  n 

Fig.  4.    Riveted  Tension  Member. 

The  net  area  back  of  the  pin  hole  parallel  with  the  axis  of  the  member  (section  0-0)  must  not 
be  less  than  the  net  area  in  the  body  of  the  member  (section  n-n)  =  25.0  sq.  in.  The  total 
thickness  of  the  metal  at  this  section  is  1.5010.  for  each  side.  Therefore  the  net  length  back  of  the 
pin  must  be  35.00  +  3  X  1. 50  =  8-33  ■"»■  Assuming  that  not  over  three  rivets  will  come  in  this 
section,  the  total  length  back  of  the  pin  hole  must  be  at  least  8.33  +  3.OO  —  11.33  in. 

The  number  of  rivets  required  and  the  size  of  pin  plates  is  considered  under  "  Riveted  Connec- 
tions and  Joints." 

Unriveted  Pipe. — Deagn  an  unriveted  i«Mi  pipe  13  in.  in  diameter  to  cany  an  internal 
pressure  of  400  lb.  per  sq.  in. 

From  Structural  Mechanics,  Chap.  XVI  {Formula  I3a),  f  —  te-D  +  a(;  and  t  —m-D-i-if, 
where  i  is  the  thickness  of  metal,  id  —  unit  internal  pressure,  D  —  diameter  and  /  the  allowable 
tensile  stress  which  will  be  taken  as  13,000  lb.  per  aq.  in. 
,_^_  4^Xj.   _ 

3/         3  X  13,000 

UEHBBRS  IN  COMPRESSION.— The  design  of  compression  members  will  be  shown  hy 
several  examples. 

Sin^e  An^o  Strut.— Select  an  angle  to  carry  a  compressive  stress  of  21,500  lb.  The  let^h 
center  to  center  of  connections  is  6'  o",  and  both  legs  are  to  be  fastened  at  the  ends.  Fig.  a. 

jee/fr«ieei.— Specifications  !  34.  p.  57;  S39.  P-  57;  S  84,  p.  60;  S  85,  p.  60;  (93,  p.  61; 
{38,  p.  141;  S43iP-  '4'!  !6o,  p.  143;  i  100,  p.  6t;  {45,  p.  306;  p.  207;  i  16,  p.  309;  $30,  p.  309; 
p.  233;  i  331,  p.  363;  S  10,  p.  379. 

Sotutitm.—Uang  fc  =  16,000  —  70  l/r  lb.  per  sq.  in,,  as  the  allowable  unit  stress  and  135  as 
the  maximum  value  for  the  ratio  l/r,  the  minimum  value  for  r  is  as  follows: 

Any  3"  X  3"  angle  will  satisfy  the  requirement  for  l/r  (Table  33).  The  allowable  unit  stress 
will  then  be  16,000  ~  7°  ><  "to  ~  7.3«>  lb.  pej"  «q-  ii>.    The  area  required  will  be 


^=r-  V^  -  ='■95  «1-  i»- 


_  31.500  _ 
"/.  "  7,300  ■ 
a  of  one  angle  3"  X  3"  X  9/16"  is  3.06  sq.  in.,  which  is  sufficient. 
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Many  other  angiea  might  be  choaen  but  in  no  case  could  an  ai^le  amaller  than  3"  X  3"  be 
used,  for  the  requirement  for  l!r  would  not  be  satiafied.     Lai^r  angles  will  give  lighter  Bections    , 
and  be  more  rigid.     Any  angle  3!^"  X  3H"  has  a  radius  of  gyration,  r,  of  about  0.69  (Table  i^),    ' 
giving  an  Ijr  of  about  104,  and  an  allowable  unit  stress  of  about  Sjoo  lb.  per  sq.  in.  and  requiring 
an  area  of  2.47  sq.  in.,  which  wouid  be  provided  by  one  angle  3}^"  X  iW  X  %".    The  minimum 
angle  satisfying  the  //r  requirement  is  found  as  a  guide  in  the  selection  of  sections  but  is  tardy  a    I 
satisfactory  section,  except  for  loi^  members  with  low  stresses  such  as  lateral  biadng.    Table  41,    I 
Part  II,  gives  the  safe  loads  for  sii^;le  angle  struts  fastened  by  both  legs.  j 

See  also  i  at,  p.  203;  {  45,  p.  203;  "Fastening  Angles,"  p.  20T,  f  30,  p.  309. 

If  the  ai^le  is  fastened  by  one  leg  only  as  in  Fig.  3,  the  load  is  eccentric  and  the  problem  is 
more  ditlicult.  An  approumate  solution  is  to  consider  only  the  area  of  the  attached  leg  as  effect- 
ive. As  before  the  least  radius  of  gyration  must  be  not  less  than  0.58  in.,  which  correaponda  tc  an 
allowable  unit  stress  of  7,300  lb.  per  sq.  in.,  requiring  the  area  of  the  attached  leg  to  be  at  least  3.93 
sq.  in.  The  requirement  for  radius  of  gyration  would  be  satisfied  by  any  3M"  X  3"  angle,  but 
to  provide  3,95  sq.  in.  of  area  if  attached  by  the  3^  in.  leg  the  thicicness  would  have  to  be  2.95 
■*■  3'50  =  0.85  in.  requiring  a  3J-S"  X  3"  X  J^"  angle,  which  ia  a  very  poor  section  and  would 
be  much  heavier  than  a  section  with  longer  legs  to  satisfy  the  same  conditions,  and  much  less 
rigid.  The  least  radius  of  gyrations  of  any  5"  X  3J^"  angle  is  about  0.76  in.  (Table  24),  and  the 
allowable  unit  stress  will  be 

/,  —  16,000  —  70//r  —  t6,ooo  —  70  X  -^  —  9,370  lb.  per  sq.  in., 
0.76 

requiring  an  area  of  the  attached  leg  of 


which  would  be  provided  by  a  5"  X  3!^"  angle  of  thickness  equal  to-^  —  .46  in.  An  angh 
5"  X  3H"  X  H"  could  be  used  mth  the  5  in.  leg  attached. 

Double  Angle  Strut— The  member  0-6  Fig.  5  is  to  consist  of  two  angles  back  to  back  sepa- 
rated by  ^e  in.  connection  plates  at  the  ends  and  washera  ^g  in.  thick  in  the  body  of  the  member. 
Design  for  a  compressive  stress  of  50,000  lb. 

ar/eren«j.— 5  34.  p.  57;  j  84,  p.  60;  893.  P-6l;  SlOO,  p.  61;  I38,  p.  I4I;  S^O.  P-  143;  \M. 
p.  306;  S  16,  p.  309;  S  30,  p.  309;  S  331,  p.  363;  {  10,  p.  379. 

Solution. — Using  /,  —  16,000  —  7oi,V  lb.  per  sq.  in.  as  the  allowable  unit  stresB,  and  125  as 
the  maximum  value  for  the  ratio  l/r,  the  minimum  value  for  r  is  found  as  foUows 

(/.-r35.orr--L-l2LL'_a77in. 
'  '  135         125  " 

llic  lengths  about  aj:eaX~X  and  K-K  are  equal,  so  that  forawell  designed  member  the  radii 
of  gyration  about  the  two  axes  should  be  as  neariy  equal  as  practicable.  This  condition  is  sati^ 
fied  by  usii«  angles  with  unequal  legs,  short  legs  turned  out. 

A  member  composed  of  two  x^"  X  2"  angles,  ^§  in.  back  to  back,  with  short  l^s  turned 
out  will  have  a  least  radiifs  of  gyration  of  about  0.78  in.  (Table  40),  the  value  for  axis  X-Xheiag 
about  0.78  in.  and  Y-Y  about  0.95  in.  The  allowable  unit  stress  b  then  /.  —  i6/x>0  —  70.'  r 
^8X1: 


16,000  X  ~r--g-  ~  7.390  lb.  per  sq.  in.,  requiring  an  area  of 


This  area  cannot  be  supplied  by  two  2]^"  X  2"  angles,  but  even  though  it  could,  larger 
angles  would  be  more  economical  as  well  as  more  rigid.    The  minimum  angle  satisfyii^c  the  l,r 
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requirement  u  found  bo  as  to  guide  in  the  aelection  of  angles  but  is  rareljr  a  sattafactoiy  section, 
except  for  a  long  member  with  low  stresaes,  sucb  as  lateral  bracii^. 

Try  two  angles  4"  X  3"  with  the  short  legs  turned  out,  %  in-  back  to  back.  From  Table 
40  it  is  seen  that  for  any  thickness  the  least  radius  of  gyration  will  be  about  the  axis  X-X,  and 
will  be  about  1.36  in.,  giving  an  allowable  unit  stress  of  /,  —  16,000  —  70  X  ■  — ;—  —  10,670 
lb.  per  sq.  in.,  idiich  requires  an  area  of  50,000  +  10,670  —  4,68  sq.  in.  The  area  of  2  angles 
4"  X  3"  X  H"  ™  4.96  sq.  in.,  which  will  satisfy  the  conditions.  If  the  estimated  radius  of  gyra- 
tion does  not  agree  closely  enough  with  the  actual  radius  of  gyration,  another  calculation  should 
be  made,  but  this  is  not  often  necessary. 

The  spacing  of  the  washers  should  be  such  that  the  Ilr  of  one  angle  betireen  the  washers  is  not 
greater  than  the  Ifr  for  the  whale  member,  or  l/r  =  ,-  ■  -  76.3,  I  -  76. a  X  .64  -  48.7  in., 

angle  4"  X  3"  X  H"  (Table  34).    One  washer  in 


Fig.  5.    DouBLB  Angle  Stkut. 

If  lengths  about  the  two  axes  are  different,  as  is  often  the  case  in  roof  trutoes  and  portals,  the 
greatest  value  for  J/r  should  be  used,  the  corresponding  length  and  radius  of  gyration  being  taken; 
for  example  in  designing  the  member  b-d.  Fig.  5.  as  a  strut  the  lei^h  corresponding  to  the  axis 
V-Y  is  12'  o",  and  to  the  axis  X-X  is  6'  o".  To  make  an  efficient  member  the  long  legs  should 
be  turned  out  and  r,  should  be  equal  to  3  X  r*- 

The  minimum  allowable  values  of  r.  and  r,  are  found  as  follows, 

I,         13  X  13 

"'-sg^ — i^r"'""^ 

From  Table  39  it  is  seen  that  any  2)^"  X  2"  angle  with  long  legs  turned  out  and  H  ia.  back 
to  back  Is  the  smallest  angle  which  will  satisfy  the  requirements  for  j/r,  ri  —  o.sSin.andr,  =>  1.36 
in.  (approx.).  The  values  for  l/r  are  134  and  114,  respectively,  124  bdng  the  greater.  The 
allowable  unit  stress  is  then 

/o  =  16,000  —  70  X  124  —  7,320  lb.  per  sq.  tn. 

If  the  stress  in  b-e  is  the  same  as  that  in  c-d,  19,000  lb.  compresBion,  the  required  area  is, 

^        P      19,000 
^  =  -.  _  -Z _  a,6o  sq,  in. 

-which  will  be  taken  by  a  angles  2M"  X  2"  X  5/i6",  having  r,  =  0.58  in,,  and  r,  =  1.26  in. 
(Table  39).  If  the  stresses  in  b-c  and  c-d  are  not  equal  proceed  as  above  and  design  for  the 
maximum.  The  spacing  of  the  washers  should  not  be  greater  than,  (  —  124  X  O-42  ••  52.1  in., 
0,42  in.  being  the  least  radius  of  gyration  of  one  angle  iW  X  2"  X  5/i6". 
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If  the  contrdling  streM  were  3B/n»  lb.  compresaioD,  the  required  area  for  2}i"  X  a"  angle 
would  be 


which  could  not  be  supplied  by  two  iW  X  2"  angles,  »o  that  two  3H"  X  3"  aisles  will  be  use! 
for  which,  r»  ■•  0.90  and  r,  =  1.66  for  ^  in.  back  to  back,  the  values  of  l/r  are —  80  and 

xr~  "  86.8,  reapectively,  and  the  allowable  unit  stress  is,  /.  -  16,000  —  70  X  86.8  —  9,930 

lb.  per  sq.  in.,  requiring  an  area  of  .4  —  30,000  4-  9,930  —  3.83  sq.  in.,  which  will  be  furnished 
by  two  angles  3^^"  X  3"  X  5/16".  The  spacing  of  the  washers  should  not  be  greater  than, 
;  X  86.8  X  0,63  —  54.6  in.,  0.63  in.  being  the  least  radius  of  gyration  of  one  angle  sJ^"  X  j" 
.X  5/16".  These  results  may  be  obtained  by  the  use  of  Tables  43, 44  and  45,  from  which  it  ia  sen 
that  the  allowable  stress  in  a  member  composed  of  two  angles  3H"  X  3"  X  5/16"  about  axil 
i~i  (y-Y),  the  length  being  ix'o",  is  38,000  lb.,  and  about  axis  2-3  (X-X'),  the  length  being  6' o", 
is  40,000  lb.,  and  the  allowable  load  will  be  38,000  lb. 

Two  Angles  Staired. — Deagn  a  member  consisting  of  two  armies  starred,  as  in  Fig.  6,  w 
carry  a  compressive  stress  of  30,000  lb.,  the  length  to  be  15'  o"  center  to  center  of  conncctioiu, 

References. — i  34,  p.  57;  J  84,  p.  60;  i  100,  p.  61. 

Solution. — Using  125  as  the  maximum  value  of  Ijr,  and  /»  —  l6,000  —  70  Hr  lb.  per  sq.  ia 
as  the  allowable  unit  stress,  the  minimum  allowable  value  of  r  is  found  to  be 

„  J         IS  X  13 

//f  =  .35.  r-  —  - -5--— -.44 in. 


m 


p^jsr: 


^ 


Fig,  6.    Two  Ancles  Starssd. 

From  Table  67  it  'is  seen  that  4"  X  4"  angles  aie  the  smallest  equal  leg  ai 
used,  and  that  r  will  be  about  1.36  in.,  and  the  allowable  unit  stress  is 


The  area  of  two  angles  4"  X  4"  X  K"  is  3.88  sq.  in.,  and  r  —  1.57  in.,  which  irillsatirfy  the  condi- 
tions.   The  batten  plates  must  have  a  spacing  ot  not  more  than 

I  -  ^~^  X  0-79  -  75  in.  =  6'  3"! 

the  value  of  0.79  in.  bei:^[  the  least  radius  of  gyration  (or  one  angle  4"  X  4"  X  J<"  (Table  Ji\ 
Convenience  in  detailing  may  make  it  advisable  to  make  I  much  less  than  6'  3".  A  spacing  >: 
3'  9"  was  used  as  shown  in  Fig.  6. 
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Plate  and  Angle  Column. — Design  a  plate  and  angle  column,  F^.  7,  to  carry  an  axial  load  of 
tCOoo  lb.,  the  unsupported  length  being  16'  o", 

fir/CT-«i«i.— i34,  p.  57;  S  38,  P  57:  S  79.  P- 60;  S94.  P- 6j;  (96.  P-6i;  S  100,  p.  61;  SiH. 
62T  5  9,  p.  IQ+;  !  12,  p.  104;  S  I?'  P-  ro4- 

Sottition. — A  section  with  a  la  in.  web  plate  and  two  14  in.  flange  platet  will  bt  assumed.  The 
tglea  will  be  spaced  13^  in.  back  to  back  to  allow  (or  an  over-run  in  the  web  plate  without  inter- 
ring with  the  cover  plates. 

The  radius  of  gyration  about  the  axis  A-A,  Fig.  7,  is  approximately  0.45  X  la.S  -  S-62  in- 
Table  136),  and  about  the  axis  B-B  is  0.23  X  14  -  3-»"  (Table  136).  The  axis  B-B  will 
mtrol  the  design.    The  allowable  unit  stress  is 

/,  -  16,000  -  70  l/r  lb.  per  sq.  in.  =  i6,ooo  -  70  X  -  11,800  lb.  per  sq.  in. 


hicb  requires  a 


3-22 

340^ 


Try  a  section  consisting  of  four  angles  6"  X  4"  X  J^"  with  long  legs  turned  out,  and  12H 
I.  back  to  back,  one  web  plate  12  in.  X  H  '»■  and  two  flange  plates  14  in.  X  !^  in-  The  prop- 
ties  of  various  secrions  are  given  in  Table  70.  The  properties  of  sections  are  calculated  as 
lowa  at  the  bottom  of  the  table.  The  radius  of  gyration  about  the  axis  A-A  is  found  to  be 
1  "  3  58  in.,  about  the  axis  B-B  is  ra  —  3-i4  in-,  and  the  area  29.44  SQ-  in. 


Fig.  7.    Plate  and  Angle  Column. 

For  this  section  the  ratio  llr  =  16  X  12./3.14  »  6i.a  which  satisfies  the  specification  that 
le  maximum  value  of  llr  is  125.    The  allowable  unit  stress  is, 

/.  —  16/mo  —  70  X  61.2  —  11,700  lb.  per  sq.  in., 
nd  the  required  area  is, 

.       P      340,000 

"•-/.-iTtS- ■"'■'"■■'"• 

lie  area  provided 'by  the  above  section  is  29.44  sq.  in. 

£zpuulon  R^ers. — Design  the  rollers  for  the  expansion  end  of  a  sii^le  track  railway  bridge 
(  17s  ft.  span,  the  dead  load  stress  being  110,000  lb.,  the  live  load  stress  being  282,000  lb.,  and 
he  impact  178,000  lb.    Total  stress  =  570,000  lb. 

References. — i  ip,  p.  209;  i  60,  p.  21a;  {  62,  p.  206;  S  6a,  p.  212. 

SotutioH. — The  span  being  short  a  6  in.  roller  will  be  used.  The  allowable  stress  per  linear 
ich  of  rtdlers  is  600  X  d,  when  impact  is  considered,  giving  600  X  6  ~  3,600  lb.  for  6  in.  rollers. 

The  number  of  linear  inches  required  is,  570,000/3,600  —  158  in. 

Five  rollers  32  in.  long  provide  5  X  32  ••  160  linear  inches  and  occupy  a  space  about  32  inches 

For  highway  bridge  expansion  rollers.'see  S41,  p.  141;  S  82,  S  83.  S  84,  p   144- 
For  roof  truss  expansion  rollers,  see  §7,  p.  55;  §33,  p.  57;  !  117,  p.  62;  S  I5-  P  '04. 
HBMBERS  IN  FLEXURE. — The  designof  structural  members  stressed  in  flexure  will  l>eBhowir 

ly  aeveral  examples. 

I-Bsam. — Select  an  I-Beam  to  carrya  uniform  load  of  1000  lb.  per  linear  foot,  the  span  being 

6'  o"  and  the  ends  simply  supported.  _, 
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References.— i  33.  p.  ST.  i42,p.  58;  S45.  P58;  S  14.  P-  itH!  539.  P-HM  i  Jo.  P-  I4»;  ISi- 
p.  143;  S  17,  p.  309;  i  39,  i  30,  p.  310.     Properties  of  Carnegie  I-Beama  are  given  in  Tables  7  in 
13  incluuve.     Properties  of  Betblehero  Girder  and  I-Beanu  are  given  in  Tables  151  to  160, 
'  inclusive. 

Solulunt. — Tlie  bending  moment  is 

it  -  Hw-P  -  HX  1000  X  16"  -  3a.ooo  tt.-lb.  -  32,000  X  12  in.-lb.  -  384,000  in.-lb. 
From  applied  mechanics, 

M.tl.f.S. 


=  34.0  m.' 


/ 

The  Bcction  modulus  of  a  9  in.  /  @  36  lb.  is  34.8  in.',  and  of  a  10  in.  /  ®  35  lb.  is  34.4  in.'  (Taok 
7),  citherof  which  will  carry  the  load,  but  the  loin.  J  @  351b.  being  lighter  is  the  more  economical, 
and  being  the  minimum  section  is  more  easily  obtained. 

The  allowable  bending  moments  in  ft.-lb.  for  I-Beams,  uung  a  fiber  stress  of  i6,ocw  lb.  pc 
sq.  in.,  are  given  in  Table  7.  The  I-Beam  could  have  been  selected  directly  from  the  moment 
malting  use  of  these  values.     The  allowable  bending  moments  for  Other  unit  stresses  are  propoi. 

The  safe  uniform  load,  in  tons,  for  I-Beams  are  given  in  Table  13,  using  a  fiber  strr^ss  of 
16,000  lb.  per  sq.  in.  The  1-Beam  could  have  been  selected  duectly  from  the  load  by  using 
this  table.     Sale  loads  for  other  unit  stresses  are  proportional. 

If  the  I-Beam  is  not  supported  to  prevent  lateral  deflection  the  allowable  fiber  stress  must  be 
reduced  by  the  compression  formula  as  shown  in  Table  13a. 

Dedgn  an  I-Beam  14'  o"  long  to  carry  a  concentrated  load  of  P  —  30,000  lb.  at  the  center 
of  the  beam.  The  maximum  moment  is  at  the  center,  and  is,  JIf  —  HP-l  ~  /^  X  30,000  X  14 
—  70,000  ft.-lb.  -  840,000  in.-lb. 

The  required  section  modulus  is.  5  =  M,'/  =  840,000  +  16,000  ■=  53.5.  In  Table  7,  the 
lightest  beam  that  will  carry  the  load  is  a  15  in.  7  @  43  lb.,  which  has  a  value  of  5  —  58-9  in.', 
and  a  bending  moment  of  79,000  ft.-lb.  A  13  in.  /  @  59  lb.  will  also  carry  the  load,  but  is  not  an 
economical  section.  A  concentrated  load,  P,  at  the  center  will  give  the  same  maximum  stresses 
as  a  uniformly  distributed  load  of  ■iP,  From  Table  13,  a  15  in.  /  @  43  lb.  wll  cany  a  uniformly 
distributed  load  of  32  tons,  which  is  sufficient. 

Two  I-Beama  with  Separators. — Design  a  girder  consisting  of  two  1-Beams  fastened  together 
by  means  of  separators,  the  girder  havii^  a  span  of  16'  o"  and  carrying  a  uniform  load  of  3,000 
lb.  per  linear  ft. 

References.— i  33,  p.  57;  i  19,  p.  105;  {  39,  p.  141 ;  %  17,  p.  309;  }  30,  p.  3IO. 

Solution. — The  bending  moment  is 

M  -  iteP  ^  iX  3000  X  le*  -  64,000  ft.-lb.  -  798,000  in.-lb. 

From  mechanics, 


The  section  modulus  required  h 


-48.0  in.* 


Each  I-Beam  must  have  a  section  modulus  of  )  X  48.0  —  34.0  in.*  The  section  modulua 
of  one  9  in.  7  @  36  lb.,  is  24.8  in.*  and  o(  one  10  in.  /  @  35  lb.,  is  24.4  in.',  either  of  which  will 
carry  one-half  the  load,  but  the  10  in.  /  @  35  lb.  being  lighter  is  the  more  economical,  and  beint 
the  minimum  section  is  more  easily  obtained. 

The  allowable  bending  moments,  in  ft.-lb.  for  I-Beams,  using  a  fiber  stress  of  16,000  lb.  per 
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sq.  in.  are  ^ven  in  Table  7.  The  I-Beams  could  have  been  selected  directly  from  the  moment 
making  use  of  these  valuer. 

The  safe  uniform  load,  in  tons,  for  I-Beams  is  ^ven  in  Table  li,  usii^  a  fiber  stress  of  16,000 
lb.  per  aq.  in.     The  I-Beams  could  have  been  selected  directly  from  the  load  using  this  table. 

If  the  g;irder  is  not  supported  to  prevent  lateral  deflection  the  allowable  fiber  stress  must  be 
reduced  by  the 'compression  formula  as  shown  in  Table  13a. 

The  separators  for  Carnegie  l-Beams  are  given  in  Fig.  4,  page  83,  Chap.  II.  The  separators 
for  Bethlehem  beams  are  given  in  Table  158. 

Plats  Girders. — The  full  discussion  of  the  design  of  plate  girders  would  require  more  apace 
than  is  available.     The  following  notes  will  be  of  value. 

References, — The  following  references  should  be  consulted. 

Wrigto.— P.  115:  p.  150;  p.  151;  p.  152:  p.  153;  p.  155:  p.  156;  p.  158. 

Bending  Moments  and  Shtars.— Pages  159,  163,  164,  165,  166,  167,  173,  174, 

UnU  Stresses.— i  33,  !  35,  S  36.  p.  57;  S  43,  5  43.  P-  58;  S  36.  S  37,  S  39.  S  40.  S  41.  5  44-  P- 
141;  S50.  isi.  S  52.  S  53.  J  54.  P-  143T  (14.  S39.P-206;  S  I4. 1 15.  5  i?.  1 18.  S  19,  P- 209;  529, 
§  30.  P-  aio- 

Froportion  of  Parts.— i  3,  p.  55:  S43.  P-58:  i  3.  P-  I37T  P-W»;  p.  203;  5  26,  S  29,  S  30.  !  77. 
p.  206;  S79.  P-307;  S26,  527,(29,  i3i,S33.  S38.  p-aio;  657,  p.  an;  5  77.  S  78.  i  79.  P- »"; 
S  80,  p.  313;  pages  220,  331,  223. 

Debuis. — Pages  54,  123,  124,  189,  190. 

The  gross  and  net  areas  of  angles  are  given  in  Table  39;  Area  of  Plates,  Table  1 ;  Areas  to  be 
Deducted  from  Rivet  Holes,  Table  116;  Moments  of  Inertia  of  Angles,  Tables  32,  33  and  34; 
Moments  of  Inertia  of  Web  Plates,  Table  3;  Moments  of  Inertia  of  Cover  Plates,  Table  5;  Prop- 
erties of  Plate  Girders,  Table  87;  Centers  of  Gravity  of  Plate  Girder  Flanges,  Table  88. 

JVoflterfrfaiKre.— The  following  nomenclature  will  be  used. 

it   ™  resisting  moment  of  section. 

V    ~  vertical  shear  at  section. 

/      <-  allowable  unit  fiber  stress. 

/      =■  moment  of  inertia  of  gross  section. 

/'    —  moment  of  inertia  of  net  section. 

/■    —  moment  of  inertia  of  gross  section  (rf  web  plate. 

/■'  —  moment  of  inertia  of  net  section  of  web  plate. 

Ar  —  gross  area  of  one  flange. 

Ajr  —  net  area  of  tension  flange. 

A^  "  gross  area  of  web. 

h     —  distance  between  centers  of  gravity  of  flanges. 

h'     •■  distance  between  gage  lines  of  rivets  in  tension  and  compression  flanges. 

d      ••  distance  back  to  back  of  angles  in  flanges. 

e      =  distance  from  neutral  axis  to  extreme  fiber. 

p     —  pitch  of  rivets  in  flanges. 

r      —  allowable  resistance  of  one  rivet. 

w  ■■  concentrated  load  per  unit  length  of  rail  —  P/t  where  P  —  concentrated  load  and 
I  °>  distance  over  which  the  load,  P,  is  considered  as  distributed  (see  i  5,  p.  203). 

2»   ■■  number  of  rivets  on  one  side  of  web  splice. 

Reiisting  Moment. — There  are  four  methods  now  in  use  tor  determining  the  reusting  moment 
ol  a  plate  gird^  section. 

(1)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges  (see  \  29,  p.  306}, 

M  =  Ap'-f-h  (l) 

(2)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area  (see  {  4a, 
P-  58;  S  50,  p.  14a;  i  29,  p.  206), 

M~{A,'+\A^)-f-h  ^  (1') 

D,q,l,zeoDyC.t)t)g[c 


582  THE   DESIGN   OF   STEEL   DETAILS.  Chap.  X\I1 

(3)  By  moment  of  inertia  of  net  aection  (see  !  43,  p.  58;  S  50.  P-  14a;-!  29.  P-  3o6), 

(4)  By  moment  of  inertia  of  grom  »ection  (used  by  American  Bridge  Co.  for  plate  girdtr 
for  buildinga), 


J-J. 


Bietts  in  Flanits  Which  do  not  Carry  ConoentraUd  Loads. 
(i)  Aasumii^  that  all  bending  moment  ie  carried  by  flanges, 


T 


Fig,  8.    Web  Splice  fob  Plate  Gibder.  Fig.  9.    Wbb  Splicb  for  Plate  Girder. 


(3)  Assuming  that  one^ighth  the  gross  area  of  web  is  available  as  flaiqie  area, 
^Af'  +  \A^^  rk' 


(3)  By  moment  of  inertia  of  net  section. 


(4)  By  moment  of  inertia  of  gross  sectior 


Rivets  in  Flangrs  Carrying  Concentrated  Loads. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges, 


(2)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  aic^ 


(3)  By  moment  of  inertia  of  net  section, 
P 


•  D,t„.n,  Google 


PLATE  GIRDERS. 


(4}  By  moment  of  inertia  of  groaa  Bectioii, 
P-'-r 


V'+(^)" 


Krasfi  Connedint  Coner  Plales  to  Flange  Angles. 

(i)  and  (3}.  Assuming  that  all  the  bending  moment  is  carried  by  the  flangea,  or  that  one- 
iighth  the  gross  area  of  the  veb  U  available  as  flange  area, 

f-'-'rW  (.0) 

ivheiE  M  ■■  number  of  rivets  on  one  transverse  line. 

r  "  value  of  one  rivet  in  uogle  shear  or  bearing. 
d  ~  distance  back  to  back  of  angles.  -  ■ 

A,'  ~  total  net  area  of  cover  plates  in  one  flange. 

(3)  By  moment  of  inertia  of  net  aection, 

<■  -  ¥^  <"' 

where  AJ  ~  total  net  area  of  cover  plates  in  one  flange. 

h,  —  distance  between  centrbids  of  all  cover  plates  in  ten^n  flange  and  alt  cover  plates 
in  compression  flange. 

(4)  By  moment  of  inertia  of  gross  section, 

f-yrfk  <"' 

where  A,  —  total  gross  area  of  cover  plates  in  one  flange. 

h,  —  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 

WA  Splice. — An  ordinary  web  splice  is  shown  in  Fig.  6.  Where  splice  plates  are  designed 
to  carry  part  of  the  moment  as  well  as  the  shear  the  splice  shown  in  Fig.  9  is  sometimes  used. 
Plates  AB  and  A'B'  are  assumed  to  transfer  that  part  of  the  moment  carried  by  the  web,  and 
plate  CD  to  transfer  the  shear.  Two  lines  of  rivets  should  be  used  in  each  section  of  the  web 
spliced.  The  numi>er  and  spacing  of  rivets  in  a  web  splice  can  be  determined  only  by  trial, 
except  when  the  first  method  for  proportioning  the  section  is  used.  The  rivet  most  remote  from 
the  neutral  axis  is  the  moat  severely  stressed. 

(l)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges, 

V  V 

»■  -  ^  .  and  2n  '  -  (13) 

(2I  Assuming  that  one-eighth  the  area  of  web  is  available  as  flange  area.    The  stress  in  the 
rivet  is  given  by  the  formula, 


(3)  By  moment  of  inertia  of  net  secrion.a  The  stress  in  the  outermost  rivet  is  given  by  the 
forrouU; 

(4)  By  moment  of  inertia  of  gross  section.    The  stress  in  the  outermost  rivet  is  given  by  the 
formula 

.  For  the  details  of  a  web  splice,  see  Fig.  16. 
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Flange  SpUce. — Flai^ee  should  never  be  spliced  unless  tt  is  imposaible  to  get  material  r4 
the  required  lei^h.  Flange  splicei  should  always  be  located  at  points  where  there  is  an  excen 
of  flange  section,  no  two  parts  of  the  flange  should  be  spliced  within  two  feet  of  each  other.  Rivrii 
in  splice  plates  and  angles  should  be  located  as  close  together  as  possible  in  order  that  the  transfer 
may  take  place  in  a  short  distance.  No  allowance  should  be  made  for  abutting  edges  of  ^lici>:3 
member?  of  the  compression  fiange. 

Flange  angles  should  be  spliced  with  a  splice  angle  of  equal  section  riveted  to  both  legs  oc 
the  angle  spliced.  Where  this  is  impossible  the  largest  possible  splice  angle  should  be  used  and  tbt 
difference  made  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle.  The  auntber  d 
rivets  required  in  the  splice  angle  on  each  side  of  the  joint  in  the  angle  is  given  by  the  formula, 


-f-iA 


(17) 


where/  —  the  allowable  unit  stress  in  the  flange,  A  —  area  of  spliced  angle,  and  r  ^  the  allow- 
able stress  on  one  rivet.  Rivets  which  are  already  considered  as  transferring  the  shear  may  be 
considered  as  splice  rivets  if  they  are  included  in  the  splice  angle. 

Cover  plates  should  be  spliced  with  a  splice  plate  of  equal  section.  The  number  of  rivets 
required  in  the  splice  plate  on  each  side  of  the  joint  is  determined  by  the  above  formula  if  the  plates 
are  in  direct  contact  in  the  same  way  as  for  splice  angles.  Where  one  or  more  plates  intervene 
,^ween  the  splice  plate  and  cover  plate  which  it  splices,  rivets  should  be  used  on  each  side  of  the 
joint  io  excess  of  the  number  required  In  case  of  direct  contact,  to  an  extent  of  one-third  that 
number  for  each  intervening  plate  (see  %  79,  p.  144,  and  {  57,  p.  211). 

The  above  methods  for  flange  splicii^  &pply  only  when  methods  (i)  and  (a)  of  propoitionin; 
sections  are  used,  but  may  be  used  with  sufficient  accuracy  i^hen  methods  (3)  and  (4)  are  used. 
Strictly  spealdng  for  methods  (3)  and  (4)  splice  angles  and  plates  should  have  moments  of  inertia 
about  the  neutral  axis,  equal  to  the  moments  of  inertia  of  the  members  they  splice,  about  the 
neutral  axis.  An  exact  analysis  for  the  number  of  rivets  required  in  splices  would  give  a  less 
number  than  obtained  from  above  formula. 

SUffeners. — For  method  of  designing  stiffeners  see  {  43,  p.  58;  J  53,  p.  143;  S79,  p.  207; 
S79.  p.  312;  P-  321- 

Pios  and  Pin  Packing. — A  pin  under  ordinary  conditions  isashortbeamandmu^bedcMgned 
(i)  for  bending,  (3)  for  shear,  and  (3)  for  bearing.  If  a  pin  becomes  bent  the  distribution  of  the 
loads  and  the  calculation  of  the  stresses  are  very  uncertain. 

The  cross-bending  stress,  /,  is  found  by  means  of  the  fundamental  formula  for  flexure, 
f  =•  M-cjl,  where  the  maximum  bending  moment,  M,  is  found  as  explained  later;  I  is  the  mconeiit 
of  inertia;  and  e  is  one-half  the  radius  of  a  solid  or  hollow  pin. 

The  safe  shearing  stresses  given  in  standard  speciScarions  are  for  a  uniform  distribution  li 
the  shear  over  the  entire  cross-section,  and  the  actual  unit  shearing  stress  to  be  used  in  designing 
will  be  equal  to  the  maximum  shear  divided  by  the  area  erf  the  cross-section  of  the  pin. 

The  bearii^  stress  is  found  by  dividing  the  stress  in  the  member  by  the  bearing  area  of  the 
pin,  found  by  multiplying  the  thickness  of  the  bearing  plates  by  the  diameter  of  the  pin. 

References. — S41,  p.  58;  S90,  p.  61;  599,  p.  61;  \  107,  p.  6z;  S  39,  p.  141;  S40  and  E4'< 
P-  141;  S  74.  P-  143;  S  75.  P-  '43;  S  76.  P-  '43:  H*.  P-  '441  S  '41.  P-  '451  S  '43.  p.  '45;  !  144. 
p.  146;  i  17,  p.  309;  \  18,  p.  309;  i  19,  p.  309;  $38,  p.  210;  S53,  p.  3ii;  {S4>  P-  211;  S  136,  p. 
316;  p.  219;  p.  320;  p.  402. 

Details  0}  Pins. — Details  of  bridge  pins  are  given  in  Table  95,  Part  II. 

Streises  in  Pins. — The  method  of  calculation  will  be  illustrated  by  calculating  the  (tresses  in 
the  pin  at  Ui  in  (a)  Fig.  10.  In  the  complete  investigation  of  the  pin  E7|,  it'would  be  necessary 
to  calculate  the  stresses  when  the  stress  in  Ui  Ut  was  a  maximum,  and  when  the  stress  in  L\Lt 
Only  the  case  where  the  stress  in  U\Uii»3i  maximum  will  be  considered.  How- 
itresses  in  pins  sometimes  occur  when  the  stress  in  (7|Li  is  a  maximum,  and  this 
case  should  be  considered  in  practice. 


PINS   AND   PIN    PACKING. 
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Bendimg  Moment. — The  stresses  in  the  members  are  shown  in  (e)  Fig.  lo,  which  gives  the 
force  polygon  for  the  forces.  The  make-up  of  the  memben  is  shown  in  {a),  and  the  pin  packing 
on  one  side  is  shown  in  (6).  The  stresses  shown  in  (c)  are  applied  one-half  on  each  side  of  the 
member,  the  pin  acting  like  a  simple  beam.  The  stresses  are  assumed  as  applied  at  the  centers 
of  the  plates  which  make  the  members. 


u,u,55oaoo 

Force  Diaqra.m-3\rei5ti  \j . 


"blal  Moment  at  416 


Fig.  io.    Calculation  of  Stkessbs  in  a  Pin. 
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•onfal  Componenti. 
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CalcidaUon  of  Strestet  4»  a  Pin. — The  amounts  of  the  forces  and  the  distances  between  their 
points  of  application  as  calculated  from  (fi)  are  shown  in  (4)  Fig.  lo.  The  horizontal  and  vertical 
components  of  the  forces  are  considered  separately,  the  maximum  horizontal  bending  moment 
and  the  maximum  vertical  bending  moment  are  calculated  for  the  same  point,  and  the  resultant 
moment  is  then  found  by  means  of  the  force  triangle. 

In  {d)  the  horizontal  bending  moments  aie  calculated  about  the  points  1 , 3, 3, 4;  the  maximum 
horizontal  moment  is  to  the  right  of  3,  and  is  208,600  in.-lb.  The  vertical  bending  moments  are 
calculated  about  points  5,  6,  7,  8;  the  maximum  bending  moment  is  to  the  right  of  8,  and  is 
383,000  in.-lb.  The  maximum  bending  moment  is  at,  and  to  the  right  of  4  and  8,  and  is,  Jf  ~ 
■^208,600*  +  283,000*  —  351,600  in.-lb.  Substituting  in  the  formula,  /  =  M-c/J,  the  maximum 
bending  stress  is  /  =  16.600  lb.  per  sq.  in.  The  allowable  bending  stress  in  pins  tor  which  this 
bridge  was  designed  was  18,000  lb.  per  square  inch.  The  allowable  bending  moments  on  pin 
are  given  in  Table  98. 

Shear. — The  shear  is  found  for  both  the  horizontal  and  vertical  compo 
beam,  and  is  equal  to  the  summation  of  all  the  forces  to  the  left  o(  the  si 


The 


horizontal  shear  is  between  I  and  3,  and  is  165,400  lb.  The  shear  between  a  and  3  is  165400 
—  99,300  -  66,100  lb.  The  maximum  vertical  shear  is  between  6  and  7,  and  is  126^00  lb.  The 
resultant  shear  between  3  and  3,  and  6  and  7,  is,  V  —  '''i36,30o'  +  66,100*  —  145,000  lb.,  which 
is  less  than  the  horizontal  shear  between  I  and  3.    The  maximum  shear,,  therefore,  comes 
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between  i  and  a,  and  u  165,400  lb.    The  maximmn  Bhearing  unit  Mreaa  is  165400  ■*■  iti^rj  = 
5,850  lb.  per  sq.  in.    The  allowable  shearing  strees  waa  9,000  lb.  per  aq.  in. 

Bearing. — The  bearing  stress  in  LtUt  ia  160,650  +  {6  X  1.94)  ■•  13,800  lb.  Bearii^  stjtm 
in  UiUi  ia  165400  +  (6  X  1.88)  -  14,600  lb.  Bearing  stress  in  I/iL,  is  43,200  +  (6  X  0.89 
-  7,900  lb.  Bearing  Btress  in  UiU  is  107,000  +  (6  X  lA)  -  12,400  lb.  per  sq.  in.  Tta 
allowable  bearii^  stress  was  15,000  lb.  per  sq.  in.  Allowable  bearing  stresses  on  pins  are  ^tm 
in  Table  97. 

For  the  calculation  of  the  stresses  in  the  pins  of  a  160  ft.  steel  highway  bridge,  see  the  auth(]r*t 
"The  Design  (Jf  Highway  Bridges,"  Chap.  XXII,  Part  III. 

Pin  Packing. — For  details  o(  pin  pacldng  see  pages  319,  330  and  page  403.  DetaiU  of  pins 
are  given  in  Table  95,  Part  II. 

Corrugated  Steel  Roofing. — For  the  calculation  of  the  strength  of  corrugated  Med  and  fn 
a  diagram  for  the  safe  loads  for  corrugated  steel,  see  Fig.  18,  Chap.  I,  page  33. 

Bearing  Plates. — -The  bearing  plates  required  for  beams  and  columns.  Fig.  11,  may  be  deter- 
mined by  the  following  formulas.  1 

Let  R  -^  reaction  of  beam  or  load  on  column. 

A  =  area  of  bearing  plate.  | 

.    IP  —  allowable  unit  pressure  in  masonry.  j 

/  —  allowable  fiber  stress  in  plate. 
p  —  projection  of  bearing  plate  beyond  any  edge  of  beam  <x  column. 

Area  of  bearing  plate,  i 


Bearing  Platss. 


Thickness  of  bearing  plate  required  by  a  given  projection. 
Safe  projection  for  a  given  thickness  of  plate. 


(30) 

The  allowable  pressures  of  bearing  plates  on  masonry  (value  of  to)  are  given  In  Table  Vlil. 
P^Ke  '75-  Standard  bearing  plates  for  I-beams  are  given  in  Table  8;  for  channels  in  Table  15. 
The  length  of  I-beams  which  should  bear  on  plates  in  order  that  the  full  shearing  strength  be 
developed  is  pven  in  Table  11;  and  of  channels  in  Table  16. 

For  a  full  discussion  of  bearing  plates,  see  Bulletin  No,  35,  University  of  Illinois  Engineering 
Experiment  Station,  entitled  "A  Study  of  Base- and  Bearing  Plates  for  Columns  and  Beams," 
by  Professor  N.  Clifford  Ricker. 

COMBINED  FLEZnRE  AND  DISECT  STRESS.— The  formulas  for  combined  flexure  and 
direct  stress  are  given  in  section  36,  Chapter  XVI.  The  design  of  members  stressed  in  com- 
bined flexure  and  direct  stress  will  be  shown  by  several  examples. 

Eye-Bar. — An  eye-bar  in  a  structure  carries  a  direct  stress  due  to  the  dead  and  live  loads, 
and  in  addition  is  stressed  in  flexure  due  to  its  own  weight. 
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UP  ^  direct  Btzvaa  in  eye-bar;  Jfi  —  bending  moment  due  to  wright  in  in.-lb.;  e  —  distance 
rom  neutral  axis  to  extreme  fiber  —  A/a,  where  h  —  depth  of  eye-bar;  (  —  length  of  bar,  c.  to  c. 
if  pins,  t  —  thicknete  of  eye-bar  in  inches;  /  —  moment  of  inertia  of  eye-bar  —  Vi  l-k';  A  io  a 
oeffident  depending  upon  the  condition  of  the  ends  being  approximately  lo  for  eye-ban  with  pin 
nda,  24  for  one  pin  end  and  one  fixed  end,  and  32  for  two  fixed  ends;  E  >-  modulus  of  elasticity 

P 
>[   steel  —  38,000,000  lb.   per  K}.   in, ;  and  /*  —  — 7  >■  unit  stren  due  to  direct  loads.    Then 

be  stress  due  to  combined  flexure  and  direct  stress  will  be 

Now,  JIfi  -  iwP,  wkere  w  -  0.38  (■*  -  the  weight  of  the  bar  per  lineal  inch;  P  -ft-tk; 
—  hji;  I  —  ^ff -A';  k  —  10;  and  £  —  38,000,000  lb.  per  sq.  in.;  and  substituting 

,  jwfih    4,900.oooA  ,    . 

hen  /i  is  the  extreme  fiber  streaa  in  the  bar  due  to  weight,  and  is  tension  in  the  lower  fiber  and 
ompression  in  the  upper  fiber. 

If  the  bar  is  inclined,  the  stress  obtained  by  formula  (aa)  must  be  multiplied  by  the  une 
)f  the  angle  that  the  bar  makes  with  a  vertical  line. 

DioffOmSor  Slrett  »>  Bars  Dite  to  Wtigkt. — Taking  the  reciprocal  of  equation  (33) 


'3--(n' 


ft     4,90o,oooA  4,900,oooA 

\  diagram  for  solving  equation  (33)  is  given  in  Table  134,  Part  II,  which  see.  The  intersections 
>f  the  inclined  lines  in  Table  134  correspond  to  depths  of  eye-bar  that  give  maximum  stienes 
lue  to  weight. 

End'PotL — Design  the  end-post.  Fig.  13,  for  a  160  ft.  span  through  highway  bridge.  Panel 
ength,  ao'  a";  depth  of  truss  c.  to  c.  of  pins,  24'  o";  length  of  end-post,  31'  3".  The  direct 
tresses  are  as  follows:  dead  load  stress  —  30,000  lb.;  live  toad  stress  ■•  60,000  lb.;  impact  ~ 
.00/(160  -4-  300)  X  60,000  —  13,000  )b.;  total  direct  stress  due  to  dead  load,  live  load  and 
mpact  —  103,000  lb.  The  bridge  is  to  be  a  class  C  bridge  deseed  according  to  the  "General 
>pecifications  for  Highway  Bridges,"  in  Chapter  III.  From  J  38  of  the  specifications  the  allow- 
ible  unit  stress  is  />  —  16,000  —  70  llr.  The  section  will  be  made  of  two  channels  and  one  cover 
tiate.  Trya  section  made  of  two  10  in.  channels  @  15  lb.,  and  one  14  in.  by  5/16  in.  plate,  (b), 
•ig.  13.  FromTableSa,  Part  II,  the  radius  of  gyration  about  the  horizontal  axis  .4-^,  is  r  J  ~  3.99 
n.,  and  about  the  vertical  axis  B-B  is,  r^  —  4.67  in.,  and  tHe  eccentricity  is, «  -  1. 70  in.  The 
iltowable  streas  is  then  /.  -  16,000  -      ,^      -  9p400  lb.  per  sq.  in.    The  required  area  will 

le  >  103,000  +  9,400  —  10.96  sq.  in.  The  actual  area  is  13.30  sq.  in.  While  the  section  ap- 
>ears  to  be  excessive,  it  will  be  investigated  for  stress  due  to  weight,  eccentric  loading  and  wind 
tefore  rejecting  it. 

Tbe  area,  radii  of  gyration  and  the  eccentricity  may  be  calculated  as  follows. 
To  calculate  the  area 

area  of  two  10  in.  channels  (Table  14)  —    8.9a  sq.  in. 

area  of  one  14  in.  by  3/16  in.  plate  (Table  2)  -    4.38  sq.  in. 

Total  area  ■■  13.30  sq.  in. 
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To  locate  the  neutral  axis  A-A,  take  momentB  about  tte  lower  edge  of  the  chaooeb 
^  ^  8.92  X  5  +  438  X  10.156  , 
13-30 

The  eccentricity  ia  e  —  6.70  —  5.00  ™  1.7a  in.    The  moment  of  inertia  7^,  about  a 
may  be  calculated  as  follows: 

Let  Ic  "  I  of  channeb  about  center  of  channels  (Table  14}. 
Ip  —  I  oi  piftte  about  center  of  plate  (Table  4}. 
Ac  =  area,  of  channels  (Table  14). 
Ap  •=  area  of  pUte  (Table  i). 


•■e-/.rff'"^.i,';:/Ji>^..^ 


Ekd-Post  of  a  Highway  Bridgs. 


Ta-L  +  I^  +  A.X  1.70'  +  AfX  3  456*- 

=  a  X  66.9  +  0.04  +  8.92  Xi.jfP  +  4.38  X  3.456* 
-  1338  +  0.04  +  25.76  +  51.20 


Thenr^-  ^Ia  ■>- A  -  V2U.80 -f- 13.3  -  3.99  in. 
The  moment  ol  inertia  Ig,  about  axis  B-B  may  be  calculated  as  follows. 
Let  /,'  =  J  of  channels  about  neutral  axis  parallel  to  the  web  (Table  14). 

/p'  ="  7  of  plate  about  vertical  axis  (Table  3). 

As  =  area  of  channels  (Table  14). 

From  Table  82  the  distance  back  to  back  of  channels  is  8)^  in.  From  Table  14  the  distance 
from  neutral  axis  to  back  of  cEiannel  is  0.639  ■»-  1''>^  distance  from  neutral  axis  of  channels  d 
axis  B-B  Is  4.25  +  0.639  "  4-889  in.  (4.89  in.  will  be  used).  ' 

Then  Ig  =  /,'  +  /p'  +  ^,  X  4.89*  1 

=  4.60  +  71,46  +  9.82  X  4.89*  ' 

-  4.60  +  71.46  +  3i3.»8 


Then  fg  -  '^la  +  A  -  V289.34  ■*■  i3-3  "  4-6?  in. 
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Stress  Due  to  WeigU  cj  iiember. — The  total  we^ht  of  the  member  will  be 

Two  lo  in.  channels  @  15  lb.,  31'  6"  long  —    945  lb. 

One  14  in.  X  5/16  in.  plate  ®  14.88  lb.,  }</  o"  loag  —    447  lb. 

Details  and  ladng  about  35  per  cent  —    308  lb. 

Total  Wdght.  W  -  1700  lb. 

The  bending  moment  due  to  w^ght  of  member  is  M  "  iW-l-»a  B, 

Stress  due  to  weight 

,  Me  \Wl-6\na-x  ,    , 

*■      loE        ^       loE 
The  stress  due  to  weight  in  the  upper  fiber  will  be 

t        i  X  1,700  X  375  X  0.645  X  3.6135 
3.1.8-  "'t'^^^TS' 
10  X  30,000,000 
>■  940  lb.  per  sq.  in. 
The  stress  due  to  wdght  in  the  lower  fiber  ia 

/■„  -  -  6.70  X  940  +  3-6'25 
-  -  174s  lb.  per  sq.  in. 
Stress  Due  lo  Eccentric  Loading. — The  pins  were  placed  i  inch  above  the  center  of  the  channels, 
Ltid  the  stress  due  to  eccentric  loading  will  be 

io£  lofi 

The  eccentric  stress  in  the  upper  fiber  will  be 

f  „  103.000  X  1.30  X  3-6135 
"  211  8  -  i°3.ooo  X  375* 
10  X  30,000,000 
—  —  2,a8o  lb.  per  aq.  in. 
The  eccentric  stress  in  the  lower  fiber  is 

/.  -  +  6.70  X  2,280  ■!-  3.6125 
-  +  4,230  lb.  per  sq.  in. 
The  resultant  stress  due  to  weight  and  eccentric  loading  is  ft  =  /■  +/.  -  +  940  —  3,280  — 
—  1,340  lb.  in  the  upper  fiber,  and  —  1,745  +  ^-^3°  =  ^-485  lb.  per  sq.  in.  in  the  lower  fiber. 

The  allowable  stress  due  to  weight  and  eccentric  loading  is  greater  than  10  per  cent  of  the 
illowable  stress  and  must  be  considered,  with  the  allowable  unit  stress  increased  by  lO  per  cent 

:i  48,  p.  143). 

The  total  unit  stress  in  the  member  will  be,  /  =  103,000  +  13.30  +  3,485  —  7,753  +  3,485 
=  10,237  lb.  per  sq.  in.  The  allowable  unit  stress  when  weight  and  eccentric  loading  are  con- 
ddered  is  9400  X  i-io  =  10,340  lb.  per  sq.  in.,  which  is  sufficient. 

Stress  Due  to  Wind  Moment. — The  stresses  in  the  portal  and  the  direct  wind  stresses  in  the 
;nd-post  when  the  end-post  is  assumed  as  pin-connected  at  the  base  are  shown  in  (d)  and  (e)  Fig. 
[2.  The  end-posts  may  both  be  assumed  as  fixed  if  the  windward  end-post  is  fixed.  To  fix  the 
windward  end-post  the  bendii^  moment  must  not  be  greater  than  the  resisting  moment  which 
will  be 

M,  -  R-y,  -  (90,000  -  V-  P')o/2 
where  V  —  5,060  lb.  and  D'  —  7,000  lb.  the  direct  stress  due  to  wiitd,  and  a  -  distance  center 
to  center  of  metal  in  the  rides  of  the  end-post  ■  8.87  in.,  (f).  Fig.  12.    (The  impact  stress  ia 
omitted.)     If  y.is  taken  equal  to  id  -  lo*  o"  =  i3o  in.,  we  will  have 

3,000  X  130  <  {90,000  -  5,060  -  7,000)  8.87/3 
which  makes  340,000  <  345,600,  and  the  end-post  may  be  assumed  as  fixed  at  the 


t  the  base.  , 
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1^,-0^ '-m;^  + 7,000)258*  ■  ^■"''  '*'■  p^  *i-  '^ 

10  X  30,000,000 

The  total  stress  due  to  direct  wind  load  will  be  /»  —  (5060  +  7oao)/i3.30  =  +  910  lb.  J 
~  '         '  -    -  -     -  r  o(  the  ]eti-A 


The  total  maximum  wind  load  stress)  wilL  come  on  the  windward  fiber  0 
end-post,  and  will  be/."  —  +  6,370  +  910  —  +  7,280  lb.  per  sq-  in. 

The  maximum  stress  due  to  direct  dead  and  live  loads  (not  including  impact)  and  wind  h^ 
stresses  will  be 

/  -  90,000  -s-  13.30  +  7,280 
—  6,770  +  7,280  =  14,050  lb.  per  sq.  in. 

From  i  46  in  the  specifications  the  allowable  stress  may  be  increased  50  per  cent  when  diffi 
and  flexural  wind  stresses  are  con»dered. 

The  allowable  stress  when  both  direct  and  flexural  wind  stress  are  cooddered  is  then 
/=  -  9,400  X  1.50  -  14,000  lb.  per  sq,  in. 

The  stresses  in  the  windward  post  mil  be  less  than  in  the  leeward  end-post  calculated  ai«-^-- 

While  the  section  assumed  appeared  to  be  excessive,  the  additional  area  and  the  widtb  i 
plate  are  required  to  take  the  flexure  due  to  wind  loads. 

For  the  method  used  by  the  C.  M.  &  St.  P.  Ry.   for  the  design  of  an  end-post,  see  p.  223. 

Colnnm  of  a  Transrerse  Bent — Design  a  column  similar  to  that  of  the  tiansverae  bent  shun 
in  Fig.  3,  Chapter  XVI,  but  having  column  length  of  25'  6"  and  being  hinged  at  the  base.  Dintl 
stress  =  +  I2,Soo  lb.,  bendii^  moment  at  foot  of  knee  brace  -  181,350  ft.-lb.  Shear  =3 
-  13,500  lb. 

Sefereneet. — {  34  and  i  38,  p.  57:  S  79.  S  80  and  1 84,  p.  60;  S  94,  S  97,  i  98  and  i  100,  p.  fri. 

Solution. — A  section  composed  of  four  angles  and  a  plate  will  be  used.  The  column  will  x 
supported  laterally  by  the  girts  so  the  length  in  that  direction  will  be  taken  as  ^  X  25'  6"  —  i;.;} 
ft. 

Try  4  angles  5"  X  3H"  X  W,  loi^  legs  out,  18  J^  in,  back  to  back  and  one  web  plate  ifii. 
X  %  in.  Distance  between  rivet  lines  =-  r8J^  —  3  X  2  -  i4)-a  in-  Maximum  allons'::' 
distance  for  %  in.  plate  "  40  X  H  =  15  in. 

Uung  method  at  bottom  of  Table  69,  X  —  33.75  in-*;  Ia  ~  1.3"  i"-*:  '«  =  94-6  ir.*; 
'a.  =  7-59  '«■;  *'b  "  '04  in.  The  greatest  value  of  /  +  r  =  12.75  X  13  +  3.04  —  75.a  D* 
maximum  allowable  value  o!  I  +  r  =  125.    The  allowable  unit  stress  is: 

1.50(16,000  -  7oi/r)  -  1.50(16,000  —  70  X  750)  -  16,100  lb,  per  sq.  in. 
The  actual  unit  stress  is: 


-^  -  16,000  lb.  per  sq.  in. 


S  _  P  ■      Jf-c      ^  12,800  181.250  X  13  X  9-35 

~  A"^  .  _  Pf  "  33,75  _  i3,Soo  X  35.5'  X  12* 

loE  '^"  10X30,000,000 

FloOfbeam. — Floorbeams  are  designed  in  the  same  way  as  other  plate  girders.    The  secti'i 

cut  away  for  clearance  at  the  joint  must  be  strengthened  by  means  of  plates  as  shown  in  Fig.  i:- 
To  determine  the  strength  at  the  weakest  section,  A-A,  the  following  method  is  used. 

The  floorbcam  is  drawn  to  scale  in  Fig.  13,  so  that  distances  can  be  scaled  and  the  roaxiinuc 
floorbeam  reaction  189.980  lb.  be  resolved  graphically,  in  the  center  line  of  the  post,  into  80,0c 
lb.  normal  to  A-A,  which  produces  direct  tension  on  the  section  A-A,  and  173,000  lb,  panik'. 
to  .^-.4,  which  produces  shear  and  flexural  stress. 


DESIGN  OF  A   FLOORBEAM. 

Rivet  holes  are  conndered  as  spaced  3  in.  along  the  ee< 
it  is  not  probable  that  they  will  be  spaced  closer  than  3  ii 
side  only.     I  in.  holes  beii^  deducted  for  ^  in.  rivets. 

The  plates  may  not  be  exactly  as  indicated  on  Fig.  13  for  it  may  be  necessary  to  alter  them 
slightly  in  detailing:,  but  small  changes  will  not  change  the  results  materially.  It  is  quite  an 
advantage  to  have  the  investigation  made  before  the  beam  is  completely  detailed  as  alterations 
are  more  easily  made  at  that  time  if  the  beam  proves  weak  in  any  particular. 

Tlie  curved  angle  at  the  bottom  will  not  be  considered  as  adding  to  the  strer^h. 

Values  for  the  area,  eccentricity  and  moment  of  inertia  are  found  as  follows. 

First  the  moments  and  moments  of  inertia  of  the  separate  parts  are  found  about  an  axis 
through  the  geometric  center  of  the  section,  the  eccentricity  is  then  calculated.  The  moment 
of  inertia  about  an  axis  through  the  center  of  gravity  is  found  by  subtracting  the  product  of  the 


^  f/s. 


Fig.  13.     Detail  of  Floorbeam  Connection. 
area  and  the  eccentricity  squared  from  the  moment  of  inertia  about  the  axis  through  the  geometric 

IVole. — For  sake  of  simplicity  the  total  section  was  divided  up  as  follows: 

A.  includes  three  H  in.  and  two  ^  in.  plates,  the  6"  X  H"  legs  of  the  flange  angles  and  ^ 
in,  +  H  in-  of  the  4"  X  H"  leg.  The  spaces  allowed  for  clearance  were  considered  as  solid  with 
no  appreciable  error. 

B,  includes  the  remainder  of  the  4"  X  %"  legs  of  flange  angles. 

C.  includes  the  H  in.  outside  plates  considered  as  solid. 

D,  includes  the  rivet  holes,  I  in.  in  diameter  and  3.5  in.  long,  spaced  3  in.  center  to  center. 

4  '  O 
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Tables  of  Ake&s,  Moments  and  Mousnts  or  IKebtia. 


SectioQ. 

SiB. 

Id. 

S^                     fc 

^^^\-     1         £ 

fc. 

A 

B 
C 

D 

3SS  X  1.75 
S.7S  X  0.61s 
18.0  X  0.7s 

S  X  I  X  J-S 

06.6  +  97.1  -  1. 10 

+97-6                0                    0          1          0 
Moment  of  Inertia  about  own  aiii 

+  3.6       1       +17.4            +61.6       1       +174 
Moment  of  Inert  a  about  own  azii 

+  13.S       1        -  88             -iia.6       1       -  8.8 
Moment  of  Inertia  about  own  azu 

-17.S.I       -9-3            +16I-6       1       -9.3 
Moment  of  Inertia  about  own  axu 

+  ''3^ 

".747 

-  1.S13 

+97-a      1 
A-fi=-^T%  X  i.io»- 

+106.6      I 

10,919 
-  117 

Tou 

I  moment  of  inertia  about  centroidal  aii*  - 

10,801 

The  direct  K 
The, 


Qthem 


of  this  section,  from  Fig.  14  is 

IS  -  189,980  X  a?  -  5i>30t« 


M  =  173,000  X  39.5  -  5,130,000  in.-lb. 


i73.« 


»  -  +  7,850  lb.  per  sq.  in. 
-  —  8,950  lb.  per  aq.  in. 


Compression  in  extreme  fiber  due  to  moment 

5.  =  Mc'  +  /  -  (5,130,000  X  16.65) 
Tension  in  extreme  fiber  due  to  moment  ia 

Si  -  M-c"iI  =  5,130,000  X  18.85  - 
Tension  on  whole  section  due  to  direct  stress 

St  -  Pia  =  80,000  +  97.2  —  —  820  lb.  per  sq.  in. 
Total  compresuon  in  extreme  fiber 

S  -  S,  +Sx-  7.830  —  Sao  -  +  7,030  lb.  per  sq.  in. 
Total  tension  in  extreme  fiber 

5  -  5i  +  Si  —  —  8,950  —  Sao  -  —  9,770  lb.  per  sq.  in. 
Unit  shear  is  approximately 

S  -  173,000  +  97-3  -  1,7801b.  persq. 


The  allowable 
The  allowable 
The  allowable  unit  stress 


I  in  compresuon  -■  16,000  lb.  per  sq.  in.  (Spec.  {  r6). 
n  -  16,000  lb.  per  sq.  in.  (Spec,  j  15). 
—  10,000  lb.  per  sq.  in.  (Spec.  J  19}. 
END  CONNECTIONS  FOR  TENSION  AND  COMPRESSION  HEUBXRS.— For  ciropk 
connections  with  concentric  stresses  the  number  of  rivets  in  riveted  end  connections  may  be  taken 
as  equal  to  the  total  stress  in  the  member  divided  by  the  allowable  stress  on  one  rivet  for  bear- ' 
ing  or  for  shear,  Table  114,  whichever  gives  the  larger  number  of  rivets.  Specifications  uni- 
formly require  that  the  connections  of  members  be  designed  to  develop  the  full  strength  of  the  ' 
member.  The  minimum  number  of  rivets  in  shop  connections  should  be  two  rivets,  except  for 
lacing  bars;  while  the  minimum  number  of  rivets  in  field  connections  should  be  three  riv-ets, 
except  for  lacing  bars.  In  lateral  bracing  or  stiff  bracing  or  struts  the  actual  number  of  ri\'eii  1 
required  to  develop  the  full  strength  of  the  member  should  be  increased  by  two  rivets,  for  ibe 
reason  that  two  rivet  holes  are  almost  certain  to  be  badly  distorted  by  the  drift  juns  in  draw- 
ing the  member  up.  Rivets  should  be  grouped  symmetrically  about  the  neutral  axis  of  tbt 
member  or  the  eccentric  stresses  should  be  calculated  and  provided  for.  The  strength  of  a  stnc-  ! 
ture  depends  very  much  upon  the  strei^h  of  the  connnctions,  and  the  details  of  the  jcMnts  and  : 
B  should  be  worked  out  with  great  care. 
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S^ertnees. — E49,  p.  58;  {  78,  {  79,  (  80,  i8i<  SS5,  p.  60;  {40,  {41,  p.  141;  (60,  {63,  p.  14a; 
i  63.  S  64,  S  65,  S  66, 1 74,  p.  143:  S  18,  !  19.  P- 209;  9  37.  S  39.  S  40.  P- 210;  S41.S42.  iS^.P-aii; 
i  74,  p.  312,  p.  319,  p.  233;  Tables  106  to  II9  inclusive. 

Strut  or  Ti». — Design  the  end  connection  for  a  4"  x  4"  x  ^"  ar^le,  carrying  a  stress  (eitber 
lenaile  or  compreswve)  of  40,cxx)  lb.,  the  angle  being  fastened  by  both  legs  to  a  ^  in.  plate  as  shown 
n  Fig.  i,  using  H  in.  rivets. 

SoliUitm. — The  allowable  stress  on  one  H  in.  rivet  in  ungle  shear  is  5,300  )b.  and  in  bearing 

>n  a  ^  in.  plate  is  6,750  lb.,  usiim  13,000  lb.  per  sq.  in.  and  34,000  lb.  per  sq.  in.  as  the  allowable 

itresaes  in  shear  and  bearing,  respectively.    Table  114.    The  shear  evidently  controls,  and  the 

number  of  rivets  b 

40,000         ,      „    .    ^ 
n  "  '-- —  7.6  or  8  nvets. 


Four  of  these  will  be  placed  in  the  main  angle  and  four  in  the  lug  angle.  In  order  to  transfer 
the  proper  portion  of  the  stress  to  the  lug  angle,  the  number  of  rivets  between  the  main  angle 
ind  lug  angle  must  be  equal  to  the  number  of  rivets  in  the  lug  angle,  or  (our  in  this  case. 

If  the  angle  is  connected  by  one  leg  only  the  eight  rivets  will  be  put  in  one  leg  as  shown  in 
Fig.  3- 

fSo-coimected  Top  Chord. — IDeugn  the  end  connection  for  the  top  chord  of  a  pin-connected 
ijridge  as  shown  in  Fig,  14.     Length  center  to  center  of  pins  ■  35'  o''.     Rivets  T4  '•>■ 

Solution. — The  connections  should  be  designed  to  carry  the  full  strength  of  the  member  and 
aot  the  stress  that  it  carries.  The  allowable  unit  stress  is /,  -  16,000  —  70 //r  •■  16,000  —  70  X 
-^Y3~  "  '3.420  lb.  per  sq.  in.     Total  stress  -  13420  X  5184  -  695,700  lb. 

The  entire  stress  of  695,000  lb.  must  be  transferred  from  the  member  to  the  pin  through  the 
pin  plates  and  web  plates.  In  the  body  of  the  member  the  stress  is  distributed  among  the  dif- 
ferent parts  in  proportion  to  the  gross  area,  or  as  follows: 


-o-r6-Q--6-o-o-b-°--6ol^oooo| 


■■  im.Pls.BOxi 

ZTopls.4x4xk'' 
j    ZBoi.l?.6x4xy 


Area  ofSectioo-SL  84 in' 
leastlfaifius 

gfOyration  =8Jiin. 


Fig.  14.    End  Connection  of  Top  Chord. 


lum. 

Material. 

Ana  X  Unit  Sti»-TobJ5t.<». 

sent  on  One  Side. 

I  Cover  Hate 
3  Top  Angles 
3  Web  Pistes 
%  Bottom  Angles 

»4in.XftIn. 

*Ib*xir 

6"xV'X(" 

ij.jo  X  13^30  -  181,000  lb. 
6.63         Y,      -    ^^'^  ". 
ii!73          "      -  15^300  *' 

90,500  lb. 
44.4SO 
i34.aSO  , 

78,650  " 

S1.84  X  13,410  -  695,700  lb. 

347,850  lb 

,n,Co()gli 
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The  total  bearing  area  required  on  one  side  of  the  member  U, 
X-»^-.4.««.in. 
The  total  thickueaa  of  bearins  required  on  one  aide,  using  a  6^  In.  pin,  ia, 

'-■^'— - 

This  thickness  will  be  provided  by  tlie  plates  A,  B,  C,  D  and  E  as  shown  in  Fig.  14.  The 
plate  B  in  the  web  and  has  a  thickness  of  }4  in.  Plate  C  must  act  as  a  fill  plate  so  must  be  of  the 
same  thickness  as  the  bottom  angles  or  ^  in.  The  outside  plate  £  and  the  inside  plate  A  should 
be  thinner  than  D  so  they  will  be  made  ^  in.,  and  D  will  be  made  H  in.  The  actual  thickness  <rf 
iiearing  is  then  3.375  >n..  and  the  required  thickness  is  3.33  in.  In  arranging  the  plates  a  clear- 
ance of  3^  in.  should  be  allowed  between  the  plates  which  pass  around  the  pin,  and  the  nearest 
plate  as  shown  in  Fig.  14.  It  is  necessary  to  put  a  3/16  in.  fill  plate,  F,  opposite  the  top  angle 
to  make  up  for  the  difFerence  in  thickness  in  the  ^  in.  bottom  angle  and  the  7/16  in.  top  angle. 
The  stress  transmitted  to  a  plate  by  the  pin  is  equal  to  the  ratio  of  its  thickness  to  the  total 
thickness,  multiplied  by  the  total  stress.  The  stresses  in  the  various  plates  are  as  follows. 
.  0-373 
a.375 
B-^:3^X347.S. 
C-«:«?5x -147,8., 


0500^ 


73,24'>  ">• 


^X  347.830-    S4.9«>lb. 


a-375 

Total  -  347.850  lb. 

An  exact  solution  for  the  number  and  location  of  rivets  is  not  practicable.  A  comraon  solu- 
tion is  to  consider  that  all  the  pin  plates  transmit  their  stress  to  the  web  and  that  the  web,  in  turn, 
distributes  this  stress  over  the  section.     This  solution  overstrcsses  the  web  in  the  vicinity  of  the  pin. 

A  better  solution  is  to  consider  that  the  stress  in  the  cover  plate  and  top  angles  is  transmitted 
in  double  shear  or  bearing  on  the  vertical  leg  of  the  top  angles  from  the  web  plates  and  ]Mn  plate* 
through  the  rivets  in  the  vertical  leg  of  the  angles.  The  stress  in  the  bottom  angles  is  transmitted 
in  double  shear  or  bearing  on  the  vertical  leg  of  the  bottom  angles  from  the  web  plates  and  pin 
plates  through  the  rivets  in  the  vertical  leg  of  the  angles.  The  stress  on  the  rivets  between  the 
web  plate  and  plate  C  is  equal  to  the  sum  of  the  stresses  in  C,  D  and  E,  minus  one-half  the  sum  of 
the  stresses  in  the  cover  plate,  top  angles  and  bottom  angles  on  one  side. 

The  number  of  rivets  in  the  plate  A  is  determined  by  the  stress  in  A  only,  and  is  controlled 
by  single  shear  and  is, 

,-5t3?2.  8  rivets. 

7,320 

The  number  of  rivets  ia  the  plate  £  is  detennioed  by  the  stress  in  £  only,  and  is  controlled 
by  sii^le  shear  and  is, 

«.54z9?5_  8  rivets. 

7,330 

The  number  of  rivets  between  D  and  the  top  angle  and  between  B  and  the  top  angle  is  de- 
termined by  bearing  on  the  7/16  in.  angle  and  is, 

^  ,  90.500  +  44450  _ 
9,190 
The  number  of  rivets  between  D  and  the  bottom  angle  and  between  B  and  the  bottom  an^  is. 


-  -  15  rivets. 
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The  number  of  rivet*  between  C  and  web,  B,  b  detennined  by  sii^le  diear,  and  ia 
„  73^40  +  54.9JO  +  9'.530  -  i(90.5°°  +  4445°  +  78.6y)  _  .g  rivets. 
7^20 

End  Connectioiu  for  I-B«anis. — The  end  connettions  for  Carnegie  I-Beams  are  given  in 
Tables  117  and  I18,  and  for  Bethlehem  I  and  Girder  Beams  in  Tables  156  and  157,  respectively. 
The  end  i::oniiections  for  short  beams,  and  for  beams  carrying  heavy  loads  should  be  carefully 
investigated  for  direct  and  bending  stresses.  Rivetij  should  never  be  ukkI  in  direct  tenpion. 
Connections  where  rivets  would  be  in  direct  tension  should  be  provided  with  turned  bolts. 

Eccentric  Rivsted  Connections. — The  actual  shearing  stresses  in  riveted  connections  are 
often  very  much  in  excess  of  the  direct  shearing  stresses.  This  will  be  illustrated  by  the  calcula- 
tion of  the  shearing  stresses  in  the  rivets  in  the  standard  connection  shown  in  Fig.  15,  which  is 
assumed  as  loosely  bolted  to  a  column. 

The  eccentric  force,  P,  may  be  replaced  by  a  direct  force,  P,  acting  through  the  center  of 
gravity  of  the  rivets  and  parallel  to  its  original  direction,  and  a  couple  with  a  moment  JIf  —  P  X  5 
in.  ■■  60,000  in.-Ib.  Each  rivet  in  the  connection  will  then  take  a  direct  shear  equal  to  P  divided 
by  i>,  where  n  is  the  total  number  of  rivets  in  the  connection,  and  a  shear  due  to  bending  moment  M, 

The  shear  in  any  rivet  due  to  moment  will  vary  as  the  distance,  and  the  n;sisti[^  moment 
exerted  by  each  rivet  will  vary  as  the  square  of  the  distance  of  the  rivet  from  the  center  of  gravity 
of  all  the  rivets. 

Now,  if  a  is  taken  as  the  resultant  shear  due  to  bending  moment  in  a  rivet  at  a  unit's  distance 
from  the  center  of  gravity,  we  will  have  the  relation. 


Z^ 


The  remainder  of  the  calculations  are  shown  in  Table  I.  The  resultant  shears  on 
are  given  in  the  last  column  of  the  table  and  are  much  larger  than  would  be  expected. 

The  force  and  equilibrium  poXygft^  lot  the  resultant  shears  and  load  P,  drawn  ii 
close,  which  shows  that  the  connection  is  in  equilibrium. 


TABLE  I. 

IJircct  bbcir,  6'  >•  10,000  -*■  i  —  4,000  lb. 

Moment  -  lajxa  X  J  -  fio/xo  Jn.-lb.  -  a{d,*  +  df  +  d. 

Where  a  -  Moment  shear  on  rivet  3,  -  a.6j0  lb. 

+  <(*•  +  <(.•) 

Rint. 

In. 

£:. 

Io.-Ll>. 

Lb. 

s. 

Lb. 

Lb. 

1.70 
1.90 

1-90 
1.70 

7.19 

19,185 

9.500 
■9.18s 

7,100 

Sfloa 
7,100 

4,000 
4/00 
4.000 
4,000 
4,000 

9.300 

^630 
3,100 
9.300 

dSJ*  -  13.80  a  -  60,000  in.4b. 

ao.ooo 

a  -  i,6jo  lb.  -  moment  shear  on  rivet  3. 
M  ■  shear  due  to  Moment. 
S  -  Shear  due  to  Direct  Load.  P. 
R  -  Resultant  Shear. 
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Nolt. — In  the  analyda  above  it  was  assumed  that  the  beam  connections  were  bolted  and 
that  the  bolts  would  not  transmit  tension  in  the  direction  of  their  length.  II  the  connection  ic 
bolted  or  riveted  rig;idly  so  that  the  bolts  or  rivets  may  transmit  tension  (rivets  should  never 
transmit  tenuon)  in  the  direction  of  their  length,  the  resisting  moment  thus  developed  will  de- 
crease the  shearing  stresses  on  the  rivets  in  the  connection  due  to  bending  moment. 


Fig.  is-    Stkssses  in  a 


Eccentric  Rivetkd  Connbctio!*. 

to  be  spliced  at  a  section  where  the  bending 


Web  Splice. — The  plate  girder  shown  in  Fig. 

t  is  6,400,000  in.-lb.  and  the  shear  is  165,000  lb. 
SoliUion. — The  method  which  assumes  that  one-eighth  the  area  of  the  web  is  available 
flange  area  will  be  used.     The  formula  for  stress  in  the  outermost  rivet  is 


'-VSHM)' 


(Hi 


V     -  total  shear  at  the  sa 
ii    —  total  moment  at  the  section. 
'  sn    ~  number  of  rivets  on  one  side  of  the  splice. 
Z(P  -■  the  sum  of  the  squares  of  the  distances  of  the  rivets,  on  one  side  of  the  splice,  from  the 
neutral  axis. 
The  joint  must  firat  be  designed  and  then  investigated.     The  number  of  rivets  required  is 
several  rivets  in  excess  of  the  number  required  to  carry  the  direct  shear.     The  number  of  Ji  in. 
rivets  required  for  shear  alone  is  determined  by  bearing  on  the  ^  In.  web  plate,  and  is 

" -7 -is!^ -"■'•"•■'"' "4)- 

A  jmnt  with  17  rivets  spaced  as  shown  in  Fig.  16  will  be  assumed.    An  odd  number  of  rivets 
■itnplifies  the  calculation. 

V  -  165,000  lb. 
M  —  6400,000  iD.-lb. 
ai»  -  17. 
d.  -  16  in. 
aP  -  3(3»  +  4»  +  6"  -f  P  -f  io»  -(- 12»  -f-  I4«  +  i6»)  -  163a  in.' 
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rhen  the  maiimutn  stress  on  the  outside  rivet  will  be, 

'  -  V{=^)'  +  (^'^^|^  -  ^i^^T^  -  .0,430 .b. 

The  allowable  value  ot  r  for  a  ^  in.  rivet  is  14,400  lb.  in  double  shear  and  10,500  lb.  in 
bearing  on  H  in-  web  plate  (Table  114),  so  the  joint  is  satisfactory. 


Fig.  16.     Details  of  a  Web  Splice. 

Riveted  Joints  in  Cylinder,  Pipe  or  Tank. — A  cylinder  46  in.  in  diameter  is  to  be  designed  to 
carry  an  internal  pressure  of  100  lb.  per  sq.  in.  Compute  the  required  thickness  of  plate  and 
design  a  longitudinal  double  riveted  lap  joint  ot  equal  efficiency  for  all  parts.  Reduce  to  com- 
mercial dimensions  and  investigate. 

Solution. — The  unit  stresses  allowed  by  specifications  for  tanks  are/t  —  13,000  lb.  per  sq.  in., 
/.  =  12,000  lb.  per  sq.  in.,  ft  "  34,000  lb.  per  sq.  in.,  for  shop  joints. 

From  "Structural  Mechanics,"  Chapter  XVI. 

<  -      ^' ^  .XJ4.0OO ^^ 

Si  +  a/»       ia.OOO  +  2  X  24,000 


(IfeJ 


vD  100  X46 

■  2S'»  ' 


■  -  0.24  in.  (166) 


*■ "  ['  +  k]''  "  ['  +  ^S!r  ]  X °"  - s"""'-  <■") 

This  jcnnt  would  have  the  efficiencies  for  tension,  compression  and  shear  all  equal,  but  the 
^3  could  not  be  obtained  from  stock  so  that  the  joint  must  be  altered  to  suit  commercial  sizes. 
Make  I  ~  14.  in.,  d  ~  ^  in.,  P  =  3  in.,  and  investigate  the  joint. 

(140) 
{146) 
(14c) 
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Other  considerations  such  as  water-tightness  enter  into  the  dedgn  d  jcuots;  see  Table  iij. 
Table  Ila,  page  370  gives  the  properticB  of  water  tight  joints.  By  efficiency  is  meant  the  rvr 
of  the  strength  of  the  jmnt  to  the  strength  of  a  plate  of  equal  thickness.  Under  effective  9ect:a- 
of  plates  in  Table  Ila,  page  370,  is  given  the  thickness  of  an  unriveted  plate  which  would  bav> 
the  same  strength  as  the  jtnnt. 

7^  most  efficient  joint  for  a  given  thiclmesa  of  plate  is  found  as  fdlows:  For  nn^  rivetd  1 
lap  joint  in  a  a  in.  fJate,  ! 

*'"['+A]''"['"'"iS]''"  3°' ■■■'""■  "5''' 

Use  ^  in.  rivets  w;th  2  in.  pitch. 

Formulas  for  Kivetad  Joints. — The  general  formulas  for  the  investigatioa  of  lap  joints  with 
any  number  of  rows  of  rivets  are  (For  Nomenclature,  sec  Chapter  XVI.), 

For  design  of  a  joint  of  maximum  efficiency,  I 

where  k  —  number  of  rows  of  rivets. 

For  a  butt  joint  with  a  single  strap  plate  and  a  sii^le  row  of  rivets  the  joint  becomes  tva  1 
single  riveted  lap  joints  and  the  formulas  for  riveted  lap  joints  may  be  used  (Structural  Mechanic ' 
jj  and  15).    For  a  butt  joint  with  double  strap  plates  and  a  sir^le  row  of  rivets  on  each  side. 

For  a  butt  joint  mth  double  strap  plates  and  double  riveting  on  each  ude, 
P  P  ■  P 

When  a  sir^Ie  strap  plate  is  used  it  should  never  be  thinner  than  the  main  plate,  and  when  double 
strap  plates  are  used  they  should  never  be  thinner  than  !^  the  thiclcneaa  of  the  main  plate. 

For  data  on  riveted  joints  for  tanks  and  stand-pipes,  see  Table  Ila,  page  370. 

DESIGN  OF  lACIHG  BARS  FOR  COLUMNS.— It  is  diflicult  to  cakuUte  the  bendini 
stresses  in  a  built-up  column,  and  since  the  shearing  stresses  depend  on  the  bending  stresses  the 
des^n  of  lacing  bars  must  be  largely  a  matter  of  judgment  until  sufficient  teats  are  made  ic 
establish  empirical  formulas.  The  following  method  gives  results  that  agree  with  tests  and  with 
good  practice. 

For  a  column  with  a  concentric  loading,  experiments  show  that  the  allowable  unit  stress  may 
be  represented  by  the  straight  line  formula,  p  -  16,000  -  70  llr  ib.  per  sq.  in.,  where  p  -  alioT- 
able  unit  stress  in  the  member;  /  —  length  of  the  member,  c.  toe.  of  end  connections,  and  r  = 
radius  of  gyration  of  the  column,  both  in  inches.  Now  the  allowable  unit  stress  on  a  short  bloct 
is  t6,ooo  lb.  per  sq.  in.,  and  the  jollr  represents  the  increase  in  the  fiber  stress  in  the  column 
Now  if  we  assume  that  this  fiber  stress  is  caused  by  a  uniform  horizontal  load,  W,  then  g-  ' 
'  -— -  ,  where  /  "  moment  of  inertia  of  the  cross-section  of  the  column  —  A  -r*,  ^cre  A  -  tbe 
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area  of  tbe  croas-aectioii  of  the  column,  and  c  -•  the  diounce  from  the  neutral  axia  of  column 

to  the  eWreme  fiber  in  the  plane  paiallel  to  the  plane  of  the  lacing  bars.    Then  -g-  -  — — , 

and  W  —  560 .    Now  the  shear  in  the  column  will  be  5  «  H'/a,  and  the  shear  is  ^  * 

380 ,  and  the  stress  in  a  lacing;  bar  will  be  —  360 X  esc  B,  where  9  —  the  angle  made  by 

the  bar  with  the  axis  of  the  column.  In  a  laced  channel  column  the  shearing  stress  above  will  be 
taken  by  two  Udng  bars.  This  shows  that  the  stresses  in  tbe  lacing  bars  in  the  column  with  a 
concentric  loading  depend  upon  the  make-up  of  the  column,  and  are  independent  of  the  ki^th 
of  the  column. 

Mr.  C.  C.  Schneider  by  a  somewhat  different  method  has  deduced  the  same  formula  on  page 
195  of  tbe  Reiiort  of  the  Royal  Commission  on  Collapse  of  Quebec  Bridge,  190S. 

If  the  column  carries  a  direct  shear  in  addition  to  the  shear  due  to  the  concentric  load,  or  if 
the  column  has  an  eccentric  load  the  additional  shearing  stresses  must  be  considered  in  designi:^ 
the  lacing.  The  total  stress  in  the  lacing  bar  will  be  the  total  shear  at  the  section  multiplied  by 
the  secant  of  the  angle  made  by  the  lacing  bar  with  the  axis  of  the  column. 
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PART  II. 
Structural  Tables. 


bitroductioiL — ^The  tables  in  Part  tl  include  the  properties  of  simple  rolled  aectioDs;  the 
properties  of  compound  sections;  the  properties  of  built-up  sections  for  columns,  struts  and 
chords;  safe  loads  for  angles,  beams  and  channels,  and  of  angle  struta;  properties  of  rivets  and 
riveted  joints,  and  iftisccllaneous  data  for  structural  design.  It  has  been  the  aim  to  give  tables 
and  data  that  will  be  of  use  to  the  deugning  engineer  and  to  the  student  in  the  designing  room 
rather  than  to  give  safe  loads,  stresses  and  other  predigested  data  that  may  be  used  by  the  novice. 
To  this  end  properties  of  sections  are  given  while  safe  loads  for  columns  and  chords  have  been 
omitted.  Tables  of  tr^nometric  functions  and  logarithms  and  other  tables  that  are  readily 
available  have  not  been  included.  The  tables  are  arranged  so  that  each  page  is  self-contained 
and  self-explanatory.  In  the  tables  the  properties  of  rolled  sections  are  grouped  together  for  ease 
in  reference,  and  are  followed  by  properties  of  built-up  sections.  The  tables  in  Part  II  are  num- 
bered in  Arabic  numerals. 

Origiaal  Tables.— Tables  3,  4,  5,  13,  19,  ao,  21,  22,  3a,  33,  34,  35,  36.  37,  38.  39,  40,  56,  57, 
58,  59,  60,  61,  6a.  63,  &4,  65,  66,  67,  68,  69,  70,  71,  72,  73,  74,  78,  79,  80,  81,  82,  83,  84,  85,  86, 
87.  I34>  135  and  136,  covering  136  pages,  were  calculated  especially  for  this  book.  The  tablea 
have  been  calculated  and  checked  with  great  care  and  are  believed  to  be  accurate.  These  tables 
are  fully  protected  by  copyright  and  are  not  to  be  copied  without  permission  from  the  author. 

The  properties  of  compound  sections  consisting  of  two  or  four  angles  or  of  two  chajinels, 
placed  in  different  relative  positions,  may  be  used  in  desgning  struts,  columns  or  chords  where 
the  sections  arc  held  together  by  means  of  lacing  and  tie  plates;  or  the  properties  of  built-up 
sections  may  be  obtained  by  combining  the  moments  of  inertia  of  the  compound  sections  and  the 
moments  of  inertia  of  one  or  two  plates  in  the  proper  relative  positions.  The  built-up  sections 
are  all  des^oed  to  comply  with  standard  specifications  and  with  the  standards  of  the  American 
Bridge  Co.  for  rivet  spacing  and  structural  details.  To  illustrate  the  use  of  the  tables  of  compound 
sections  in  building  up  struts,  columns  and  chords,  a  one  page  table  is  given  for  each  built-up 
section  in  common  use,  in  which  the  properties  for  the  usual  proportions  are  given  and  the  methods 
for  calculating  additional  values  by  using  the  key  tables  of  compound  sections  are  given.  The 
method  of  calculating  the  properties  of  built-up  sections  by  using  the  moments  of  inertia  of  com- 
pound sections  is  shown  in  Table  I. 

STANDARD  TABI£S.— The  other  ubles  in  Part  II  have  been  taken  from  Carnegie  Steel 
Company's  "Pocket  Companion,"  Cambria  "Steel."  American  Bridge  Company's  "Book  of 
Standards,"  and  other  sources  to  which  credit  has  been  given.  Many  of  the  copied  tables  have  been 
rearrar^ed  and  extended.  The  properties  of  I-Beams  in  Table  7,  properties  of  channels  in  Table 
14,  and  properties  of  angles  in  Table  23  and  Table  24  were  taken  from  American  Bridge  Com- 
pany's "  Book  of  Standards,"  but  have  been  checked  with  the  recent  edition  of  Camtgie's  "  Pocket 
Companion." 
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TOP  CHORD  SECTIO  NS.— The  top  chord  sections  given  in  Tables  82  to  86  were  culculated 
to  comply  with  the  Bt^ndard  specifications  which  follow,  unless  otherwise  noted  in  the  tables. 

Specifications. — All  top  chord  sections  shall  comply  with  the  following  requirements. 

Thickness  of  Metal. — The  minimum  thickness  of  metal  shall  be  ^  in.  for  b^hway  bridges 
and  J^  in.  for  railway  bridges. 

Cover  Plates. — The  cover  plate  shall  have  a  thickness  not  less  than  one-fortieth  (A)  the  dis- 
tance between  gage  lines  of  rivets  in  the  flange  angles  on  each  aide  of  the  section.  The  cover 
plate  shall  always  have  the  minimum  thickness  that  will  comply  with  the  above  requirements. 

Web  Plates. — The  web  plates  shall  have  a  thickness  not  less  than  one-thirtieth  {i^i)  the 
distance  between  gage  lines  of  rivets  in  the  flange  angles  in  the  line  of  stress.  As  much  of  the 
metal  as  practicable  shall  be  concentrated  in  the  web  plates  and  flange  angles. 

Proportions  of  Chord  Section. — There  shall  be  a  top  cover  plate  which  shall  have  a  minimum 
thickness  permitted  by  the  specifications.  As  much  of  the  metal  as  possible  shall  be  concentrated 
in  the  web  plates  and  &ai^  angles.  The  top  and  bottom  angles  shall  be  so  selected  as  to  bring 
the  neutral  axis  of  the  section  as  near  the  center  of  the  web  plates  as  practicable.  The  momenta 
of  inertia  of  the  section  about  the  two  rectangular  axes  shall  be  approximately  equal. 
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2.250 

3.000 

3  ■750 

4-500 

5.250 

6/X10 

6.750 

7.500 

8.1509.000 

9-750 

10.50 

11.25  12.00 

i,l,.oogk 


TABLE  1  — 

ASBAS  OF  BAKS  and  PLATBS. 


ai 


Square  Inches. 


St 


3.469  , 
3.563  , 

3.656  . 


3  +.2I9  : 

8 +.406    I 


'    6.15    ; 
'  6.S0   ; 

6.7s  ; 


i  6.34  ; 

I  6.56  : 

I    6.78   ; 


i  6.19  : 

6.3  S    '. 
■   6.56   ; 


i  9.191. 

.  9.41  i< 

;  9.63  1: 

t  9.8411 


i2.as  13.1314.3: 


J  9.06  < 
t  9-38  1' 
1  9.69  11 


1.78  11.69 
2.19  13.13 
2.59113.56 


i3.S9|M-,;f 
14.06  i;.:c 
1453  ir?;, 
15.00. ]6.:]C| 


5  13.8. 
014.63  15.75  " 


4  H-i» ': 
I  14-69  II 


;  16.1917-34  li'J^ 
I  16.63  '7'8'  i&-^ 
.  17.06  18.28  19.:'. 
;  17.50  i8.75|M.cc 


8  19.25  ZO.63  3^a: 
8  19.6921.09 


;5  3.250  +. 
1^3.3755. 
103.500;. 

3  3.615 
'5  3750 
:8  3-87S 


;  6.25  ; 
6.50  I 
6.7s    i 


5-438  ; 
5.625  ; 
5.813    ; 


3  4.62s 
4.7r-; 
4.875 
5.000 

'3  5-"S  7 
.55,2507. 
.8  5.375  8. 

3  5-625  8, 
S5-7SOS. 
8  S-87S  8. 


;o  6.375  f 

'56.563  t 

106.750  t 

6.938  ■ 

7-1^5  ■ 

7-313  '. 

7-Soo  11 


15-63  17-191! 
16.25  "7-88  i< 
'-'>|.8.s6  2< 
.  17.50  i9-*S*i 


9  24-75 
8  25.50 
6  16.15 


'5  13.56  25.38  27-19  29-* 
,816.15.28.13  3C,o- 
;S25.l9;27.l3;29.o6  3l-0 
".0030.00  j;.c 

■88  30-94'3i'^  i 
17.6329.75131.8834-0:  I 
18.44  30.63132.81  3;.K 

29.25  31.5033.75  36.cc 


8  16.19  If 
3  17-06  It 


o  19.25  2: 
S  19.69  2: 


5  30.06 
a  30.88 
531.69 


o  24-75  i) 


:8,I9  30.75 
:B.88  31-50 
9-56  ii-iS 
0.25  33.00 

0-94  33-75 
1.63  34.50 
1-3'  3S-2S 
3.00  36.. 


34.69I37.C 
35.63  38=^ 
36.56  39.K 
37.SOj4fta  I 
35.88  38.44  41-1^ 
36.75  39.3*'|4!-« 
37.63  |40.3i;43« 
",5041.25  44x1c 

39.384a-I9!45-«: 
40.2sl43.13  ii-x 
41.13  44-06 +7-« 
42/»J4S.0o  48.00 


,„z...,Ct)t)g[c 


TABLE  l.—Conlinuai. 
Abeas  of  Bars  and  Plates. 


Squake  Inches. 


UldCh. 

ThSctDan.  Inch**.                                                                           | 

iDchn. 

A 

1 

JL 

1    1    ft 

1       jV_ 

i 

ft 

1       H  1    1 

H 

t 

H   i    1 

49 

3.06 

6.13 

9.-9 

12.25(15.31 

8.38  11.44 

24.50 

27-56 

30.63  J3.69'36.75 

39-81 

42.88 

45.94I49-00 

50 

3-13 

6.15 

9.38 

12,50  15,63 

8.75 '11. 88 

15.00 

18.13 

31,2534.38,37-50 

40.63 

43-75 

46. 88  50.00 

3.19 

6.38 

9-56 

12,75  15-94 

19.1322.31 

is-jo 

18.69 

31,88  35.06,38.25 

41.44  44-63 

47-81 I51-O0 

51 

3.15 

6.50 

9-7S 

13x10  16.15 

19.50 

12.75 

16.00 

19-15 

31-50 

35-75  39-00 

41,2545-50 

48.75  52.00 

S3 

3-31 

6.63 

9-94 

13.25  16.56 

19.8S 

23.1916.50 

19,81 

33.13 

36.4439.75 

43-°6 

46.38 

49.69  [53.00 

54 

3.38 

6.75  10.I3 

13.50  16.8S 

10.15 

13.63  27.00 

30.38 

33-75 

37-13,40.50:43,88 

+7-15 

50.63  54,00 

s; 

3-44 

6,88 

IO-3"  '3-7S 

17.19 

10.63 

14.06 

17.50 

30.94 

34.38 

37.8141.25 

44,69 

48-13 

51-5655-00 

S6 

3-50 

7.00 

10.50 

14.00 

17.50 

21.00 

24.50 

18.00 

31.50 

35-00 

38.5041.00 

45-50 

49.00 

51.50  56.00 

57 

3.56 

7-13 

10.69 

14-iS 

17.81 

11.38 

14-94 

28. 50 

32.06 

35-63 

39-i9;4i-75 

46.31 

49.88 

53.44  57-0O 

58 

3-63 

10.88 

14.50 

18-13 

21.75 

iS-38 

zgjx 

31-63 

36-15 

39.88  43.50 

47-13 

5075 

54.38  sS-oo 

59 

3-69 

7.38 

11.06 

14-75 

18.44 

22.13 

25.81 

19.50 

3J.I9 

36.88 

40.5644-15 

47-94 

51.63 

55-31,59-00 

60 

3-75 

7-50 

ii.iS 

1SJ30 

18.75 

21.50 

16.15 

30.00 

33-75 

37,50 

41.1545.00 

48,75 

52.50 

56.25:60.00 

61 

3.81 

7.63 

11.44 

:5-35 

19.06 

11.88 

16.69 

30.50 

34-3' 

38.13 

41-94  45-75 

49.56 

53-38 

57.1961-DO 

62 

3.88 

7-75 

11.63  IS-SO 

.9.38 

13.15 

17.13 

31.00 

34.88 

38.75 

42.6346.50 

50.38 

54-15 

58.13161.00 

63 

3 '94 

U.81  15.75 

19.69 

23.63 

27.56 

31-50 

35-44 

39.38 

+3-31,47.25 

51.19 

55-13 

59.06  63.00 

64 

+,00 

g^oo 

12.00  16.00 

14.00 

28.00 

31,00 

36.00 

40.00 

44-00  48/>o 

51.00 

56,00 

60.0064.00 

6s 

4X>6 

8.13 

11.19  16.25 

10.  J 1 

24.38 

28,44 

31.50 

36.56 

40.63 

44.69 

48.75 

52-81 

56.88 

60.9465.00 

66 

4-J3 

8.25 

12.38  16.50 

10.63 

14.75 

28.88 

33-00 

37.13 

41,1s 

45.38 

49-50 

53-63 

57-75 

61 .88 '66.00 

67 

4.19 

8.38 

11.56  16.75 

20.94 

15.13 

29,31 

33-5° 

37.69 

41.88 

46.06 

50.25 

54-44 

58.63 

62.8167.00 

68 

4-iS 

8.50 

12.75  '7-0O 

21,25 

25.50 

29.75 

34.00 

38.15 

4J-50 

46-75 

51-00 

55.15 

59-50 

63 .75  [68,00 

&) 

4-3  • 

8.6J 

12.94  17-25 

11.56 

30-19 

34.50 

38,81 

43-13 

47-44 

51-75 

56,06 

60.38 

64,69;69.oo 

70 

4.38 

8.75 

13-13  '7-SO 

:i,88 

26:2s 

30.63 

35-00 

39.38 

43-75 

48.13 

52-50 

56.88 

61.15 

65,63,70-00 

71 

4-44 

8.88 

13-3'  '775 

21,19 

16.63 

31x6 

35-50 

39-94 

+4-38 

48.81  53,2s 

57.69 

62. 1] 

66.56l71.oo 

72 

450 

13.50,18.00 

11.50 

17XJO 

31-5° 

36,00 

40.30 

45.00 

+9-50|S4-oo 

58.50 

63.«> 

67.5072.00 

73 

4.56 

9-13 

13.69 

18.15 

11.81 

17.38 

31-94 

36.50 

41.06 

+5-63 

SO- 19' 54-75 

59-31 

63.88 

68.44:73-00 

74 

4.63 

9.2; 

13.88 

18.50 

13.1J 

17.75132.38 

37-00 

41.63 

46.15 

50.88  55-50,60.13 

64-75 

69.38,74.00 

75 

4.69 

9,38 

14.06 

18.75 

13-44 

28.13 

31-Bi 

37-50 

41.19 

46.88 

51.56,56.25160.94 

65-63 

70.31,75-00 

76 

4-75 

9.50 

14.2s 

19/x) 

13-75 

18.50 

33-15 

38,00 

+1-75 

47.50 

52.25 

57.0061.7s 

66.50 

71.15  76.00 

77 

4.81 

9.63 

«4-44 
14.63 

19.25 

14.06 

28.88 

33-69 

38.50 

43-31 

48.13 

51-94 

57-7562.56 

67-38 

71.1977  JXl 

78 

4.88 

9-75 

19.50 

14-38 

19.15 

34-13 

39.00 

43.88 

48-75 

53-63 

58.5063.38 

68-25:73.13178-001 

79 

4-94 

9.88 

14.81 

19-75 

24.69 

29.63 

34-56 

39-50 

44-44 

49-3S 

54-31 

59.2564-19.69.1374.0679.00 

S.00 

15.00 

15.00 

30.00 

35-00 

40.00 

45.00 

50.00 

5S-ooj6oxc;6s.oo 

70.00  75.0O|8o.oo| 

81 

5.06 

10.13 

15.19 

20.15 

25.31 

30-38 

35-44 

40,50 

45-56 

50.63 

55. 69' 60.75  65.81 

70,88 

75-94 '8 1 .00 

82 

S-I3 

15.38 

20.50 

25.63 

30-75 

35-88 

41.00 

46-13 

51-15 

56,38  61.50  66.63 

71-75 

76.88  81.00 

83 

5->9 

10.38 

15-56 

10.75 

15-94 

31-13 

36,31 

41.50 

46.69 

51-88 

57-0661.1567.44 

72.63 

77.8 1183.00 

8+ 

S-iS 

lO.JO 

15.75:11-00 

16.15 

31.50 

36-75 

^lxx• 

47.25 

52.50 

57-75  63 -00168.15 

73-50 

787584.00 

85 

5-3 » 

10.63 

15-94  "-IS 

16-56 

31.88 

37-19 

41.50 

47.81 

53-13 

58.4463.7569-06 

74-38 

79.69l85.00 

86 

S-38 

10.7s 

16.13  J'-So 

26.88 

31-15 

37.63 

43.0048-38 

53-75, 59- 13 -64.50,69.88,75.25 

80.63 ,86.00 

87 

S.44 

10.88 

16.31  21.75 

27.19 

32,63 

38.06 

+3-5048.94 

54.3859.81165.15 

70-6976.13 

81.56,87.00 

R8 

5-SO 

16.50  22.00 

17-50I33-00 

38.50 

+4/» 

49.50 

SS-oo 

£0.5066.00 

71.5077.00 

82.5088.00 

89 

S-S6 

n.i3 

16.69  22.2$ 

27,8133,38 

38.94 

+4-50 

50.06155-63 

6i.i9'66.75 

72.31 177-88 

83-4489-00 

90 

S.63 

16.88  22.50 

28.1333-75 

39.38,45-00 

50.63  ;6.2; 

5i,88  67.50 

73-13 

78-75 

84.3890.00 

91 

S-69 

17-061:2.75 

18.44  34-13 

39-81 

45.50 

5l.lg|s6.8R 

62.56,68.25 

73-9+ 

79.63 

85.31:91-00 

91 

S-7S 

11.50 

17-2523.00 

z8.75j34.50 

40.25 

46.00 

51-75 

57-50 

63-25,69.00 

74-75 

80.50 

86.15  92.00 

93 

S.81 

11.63 

17-44.23-iS 

40,69 

46.50 

5J-3I 

58-13 

63-94 

69-75 

75-56 

81.38 

87.19193.00 

94 

5-8S 

1 7.63 '23. 50 

19-3835-15 

41.13 

47.00 

52.88 

58-7S 

54.63 

70,50 

76.38 

81.15 

88.13  94.00 

9; 

S-94 

17.81  23.75 

29.69I35.63 

41.56 

47-50 

53-4+ 

59-38 

65-31 

71-2; 

77.19 

83-13 

89.of>  95-00 

96 

6.00 

11.00 

18,0024.00 

30,00 

36.00 

41.00 

48.00 

54-00 

60.00 

66.00 

72.00 

78.00 

84.00 

90.00  96.00 

97 

6.06 

U.13 

i8.ig  24.25 

30.31 

36.3  8 

42.44 

48.50 

54.5660,63 

66,69' 71, 7  5 

78,81 

84.88 

90-94  97-00 

98 

6.13 

1 2.1; 

18.38  24.50 

30.63 

36.75 

42.88 

49-00 

55.,3|6i.25 

67-3873-50 

79-63185.75 

91.88  98.00 

99 

6.19 

1J.38 

18.5624.75 

30.94 

37-13 

43-31 

49- SO 

55,69,61.88 

68,06174.25 

80,44186.63 

91.81  99.00 

6.1s 

13.50 

18.75  iS-«3 

31.25 

37.50 

43-75 

50.00 

56.1561.50 

68-7575-00 

81. 15 187.50 

937J1CO.O 

11 

v^rnu 

TABLE  2. 
Weights  of  Steel  Baks  and  Plates. 


Pounds 

PEB 

Lineal  Foot. 

width. 
Incbe). 

TbickdCM.  loctw*.                                                                      , 

A 

_1_ 

A 

_1_ 

_A_ 

1 

ft 

t 

A 

1 

tt 

1 

JL 

i     1   H 

1 

■OSJ 

.106 

-'59 

-"3 

■27 

-32 

■37 

■43 

48 

-S3 

.58 

.64 

.69 

-74 

-80 

.106 

.213 

■31^ 

■425 

■S3 

.64 

■7^ 

■85 

.96 

1.06 

1.17 

t.zf 

1.38 

1.49 

I -59  1.7: 

■IS9 

.319 

'^It 

,638 

.80 

,96 

1.28 

1.43 

1-59 

1.7s 

1.91 

1.07 

2.23 

2.39  2,;: 

• 

.21] 

■42s 

■850 

1.06 

1,28 

1-49 

1,70 

1,91 

2,13 

2.34 

2-55 

2.76 

2.98 

319  34c 

.256 

■S3' 

■797 

1,063 

1-33 

1.59 

1.86 

2.13 

2.39 

1,66 

2.92 

3,19 

345 

3.71 

3-98 

4-=;! 

■Jig 

.638 

■956 

I -275 

1-59 

1.91 

1.23 

2-55 

2.87 

3.19 

3-S' 

3.83 

4.14 

4-46 

4-78 

■371 

1. 116 

..488 

1. 86 

2.23 

2,60 

2.98 

3.35 

3.72 

4.09 

4.46 

4.83 

5.21 

5-58 

■42S 

it^ 

1.27s 

1.700 

2.13 

2-55 

2.98 

3.40 

3.83 

4,25 

4.68 

5,10 

S-S3 

595 

6.38 

6.1m: 

.478 

.956 

i-«4 

1.913 

2.39 

2.87 

3^35 

3.83 

4.30 

4-78 

5.26 

5.74 

6.22 

6.69 

7.17 

7-6: 

z 

■531 

1,063 

1.594 

2.125 

1,66 

3.19 

3.72 

4.25 

4.78 

5^31 

5-84 

6,38 

6.9, 

7-4A 

7.97 

8.:: 

-S84 

..169 

I.7S1 

2.338 

2.91 

3.51 

4.09 

4.68 

5^26 

S-84 

6.43 

7,01 

7.60 

8.18 

8.77 

9-y 

.638 

I.27S 

1.913 

1.550 

3.19 

3.83 

4.46 

S.io 

S-74 

6.38 

7-01 

7.65 

8.29 

8,93 

9.56  10.2c, 

^\ 

.69. 

■  .381 

2,072 

2.763 

3.45 

414 

4^83 

5.53 

6.12 

6.91 

7.60 

8,19 

8.98 

9.67 

10.36  ii.o; 

3| 

.744 

1.488 

2.231 

2-975 

3.72 

4.46 

5.21 

5.95 

6.69 

7-44 

8.18 

8.93 

9.67 

I04l!ll.l6  11.9c 

■797 

i^S94 

1.391 

3.188 

3.98 

4.78 

5.58 

6.38 

7.17 

7.97 

8,77 

9.56 

10.36 

ii. 1611.95  12-7- 

.850 

1.700 

^■5S0 

3.400 

4-25 

5.10 

5-95 

6,80 

7.6s 

8.50 

9.35 

10,20 

11.05 

M.90  12.75  i3.« 

4l 

.903 

1.806 

2.709 

3.613 

4-52 

5.41 

6.31 

7.23 

8,13 

9-03 

9.93 

I0,B4 

11.74 

12.64  13.5s  '44: 

*i 

.956 

1.913 

2.B69 

3-825 

4-78 

t-H 

6.69 

7.6; 

8.61 

9.56 

10.52 

11.48 

1243 

13-3914-34  is;": 

4i 

1.009 

1.019 

3.028 

4.038 

5^05 

6.06 

7.07 

8.0S 

9.08 

10.09 

13-12 

14-13 15.14 16-1; 

1,063 

2.I2S 

3.188 

4.250 

531 

6,38 

7-44 

8,50 

9.56 

10-63 

uie^ 

12.7s 

13.81 

14-88 15.94 17-00 

1. 116 

2.I3I 

3-347 

4-463 

S.58 

6,69 

7.81 

8.93 

10.04I11.16 

11,17 

'1^39 

14.50 

iS-6ii6.73,i7-S; 

1.169 

2.338 

3.506 

4.675 

5.S4 

7.01 

8.18 

9.35 

.o.Siju.69 

12.86 

'4^03 

15.19  16.36  i7.53'i8,7c 

s 

2.444 

3-666 

4,888 

6.H 

7.33 

8-55 

9.78 

■3.44 

14.66 

i5.88;i7.ii;i8-33 19.5= 

6 

M7S 

i-SSo 

3.81s 

5.100 

6-38 

7.65 

8.9310,10 

"■^ 

11.75 

14.03 

'S^30 

16,58  17.8s  19^13  1040 

6i 
6 

..,28 

2.656 

3^984 

S-313 

6,64 

7.97 

9.30!  10.63 

"-95 

13.28 

14.61 

15^94 

17,27  18.59,19-92  21.2! 

■  ■38. 

2.763 

4.144 

5-525 

6.91 

8,29 

9.6711.05 

11-43 

13.81 

1S.19 

16.58 

17.96  19-34  20.71  21-ic 

6 

1.434 

2.869 

4^303 

5-738 

7-'7 

8.61 

io.04  It. 48 

11.91 

14-34 

15-78 

17.J1 

18.65  10.08  11.52  22,c: 

7 

1.488 

^■975 

4.463 

S-9S0 

7.44 

8,93 

10.41  "90 

'339 

14-88 

16.36 

17^85 

19.34 10.8J  12.31  :3.Sc 

7 

I.S4' 

3.0a. 

4,611 

6-163 

7.70 

9,14 
9.56 

10.78  12.33 

13.87 

15.41 

16.95 

1 8^49 

20,03121.57 13-11  24-f=i 

7 

1. 594 

3.188 

4.781 

6.37s 

7.97 

11.1611,7! 

14-34 

'5-94 

'7.53 

1913 

10,7211.3123.9125.^1 

7 

1.647 

3.294 

4.941 

6.588 

8,13 

9,88 

11.53  13,18 

14-82 

16.47 

18.12 

19^76 

1141  13.0624.7026-::, 

8 

1,700 

3.400 

6.B00 

8.50 

10.20 

11.90  13.60 

iS-3» 

17-0O 

18.70 

10.40 

22.10  23.8o'2S.SO  17-2: 

8 

1-753 

3.506 

S-^59 

7-0 '3 

8.77  10-52 

12.17  14.03 

15-7S 

17-53 

19.18 

21,04 

21,79  24-54  26.  JO  28-0; 

8 

1.806 

3.613 

S-419 

7-21! 

9.03  10.84 

12-64  14  45 

16.16 

18.06 

19.87 

11.68 

23 -48, 15-2917-09, 28  .K 

S 

1.859 

3-719 

S-J78 

7-438 

9.3011.16 

13.02  14.88 

'6-73 

18.59 

10.45 

21.31 

14.17 

16.03  27-89  :9-r;i 

9 

I -91 3 

3.825 

S-738 

7.650 

9-5611.48 

13.3915-30 

17.21 

19-13 

11.04 

22.95 

14.86 

16.78.18.69  JO-fci 

9 

1.966 

3.931 

.?-897 

7.863 

9-83 '11-79 

13-76]  15-73 

17-69 

19.66 

11.62 

23.59 

2S-S5 

17-52,2948  31-4;! 

9 

J.019 

4.038 

6.OS6 

8.075 

10.0911.11 

14.13  16-15 

18.17 

20.19 

24.23 

26.24 

28.26  30.28  32.10 

9 

1.072 

4.144 

6.216 

8,188 

10.36;  1 2.43 

14.50,16-58 

18.65 

20.71 

12.79 

24.86 

16.93 

i9.oi3i.o8-,j,:: 

i.iis 

♦■250 

6-375 

8.500 

10.63  12.75 

14.88 

17.00 

19-13 

11.15 

13-38 

25.50 

27-63 

29.7531.8834.0: 

,oi 

2.178 

+-356 

6.534 

8.713 

10.89 

13-07 

15.25 

17.43 

19.60 

21,78 

23-96^6.14 

18.32 

30-t9 

32-67.34-*^; 

lOi 

1.131 

4-463 

6.694 

8.925 

M.16 

13^39 

.5.62 

17-85 

20.08 

22.31 

24. 54' 16-78 

29.01 

31,24 

33-47  ?!-7t 

|0l 

J-1R4 

+■569 

6,853 

9.138 

11.42 

13.71 

15.99 

18.28 

10.56 

22,84 

15.13 17.41 

29.70 

31.98 

34-2736-  =  = 

^■338 

4.67s 

7-013  J9^3Sc 

.1.69 

14.03 

16.36 

18.70 

21.04 

23.38 

25.71 

28.05 

30-39 

3i^73 

35.06,374- 

tij 

I.J9I 

4,781 

7.1729-563 

11.95 

14.34 

16.73 

1913 

21.52 

23.91 

26.30 

28.69 

31,08 

33  ^47 

35-86:38.:: 

7.3319-775 

I4^66 

17.11 

19.55 

21.99 

2444 

26,88 

19.33 

31.77 

34-21 

36.6639.1c 

2.497 

4.994 

7.4919-988 

Im8 

14.98 

17-48 

19.98 

2247 

24.97 

17.47 

32.46 

3496 

37-4Si39-9? 

11 

i.JSO 

5.100 

7,65010.20 

12.7s 

15.30 

17.85(2040 

22.9S|2S-SO 

18.0s 

J0.6C 

3J-I5 

3S-70 

J8.«;l40.8c 

,=„,C(i(Wlo 


TABLE  2.—Ci>iUiinied. 
Weights  of  Steel  Babs  and  Plates. 


Pounds  per  Linbal  Foot. 


width. 

Thkknoi,  iDcha.                                                                           | 

_A_ 

J_ 

A 

_1_ 

A 

1 

A       1 

_A_ 

1 

H 

1    1  H 

1       U 

. 

Hi 

a.66 

5-31 

7-97 

13.18 

15.94 

18.59 

11.15 

13.91 

16.56 

29-1 

J19 

34-5 

37.1 

39-8 

4*5 

'}, 

1.76 

5-53 

8.29 

11.05 

I3-8I 

16.58 

19-34 

14.86 

17.63 

30,4 

33.2 

35-9 

38.7 

41-4 

44.1 

Hi 

1.87 

S-74 

8.61  11.48 

14.34  17-" 

20.08 

22.9s 

25.82 

28.69 

31.6 

34-4 

37-3 

40.2 

43-0 

45  9 

14 

a.98 

S-9S 

8.93^11.90 

14.8817.Ss 

20.83 

23.80 

26.78 

29.75 

32,7 

3S-7 

38.7 

41-7 

44-6 

47-6 

M* 

3^ 

6.16 

9.24,12.33 

15.4118.49 

11-57 

14-65 

17.73 

30.81 

33-9 

37.0 

40.1 

43.1 

♦6.1 

49-3 

IS 

3.19 

6.38 

9.56112.75 

15-94  '9-13 

22.31 

25.50 
16.35 

28.69 

31.88 

35." 

38.3 

41.4 

44-6 

47.8 

51.0 

II' 

3.29   6.S9 

9.88.13.18 

16.47 

19.76 

23.06 

29.64 

31-94 

36.2 

39.5 

41.8 

46.1 

49.4 

51.7 

3.40,  6-8o 
3  SI    7-OI 

10.20' 13.60 

17.00 

20.40 

13.80 

17.10 

30.60 

34-00 

37-4 

40,8 

44-1 

47-6 

51  0 

54.4 

.6i 

lo-si 

14-03 

17.53 

11.04 

14-54 

28.05 

31-56 

35.06 

38.6 

42.1 

45.6 

49-1 

52.6 

56.1 

'7, 

3.61    7.23 

I4-4S 

18.06 

21.68 

25.29!  18.90 

31.51 

36,13 

397 

S:! 

47.0 

50.6 

54.2 

57.8 

ni 

3-72 

7-44 

14.88 

18-59 

11.31 

16,03 

19.75 

33-47 

37-19 

40.9 

48.3 

51-1 

55-8 

S9-5 

18 

3.83 

7-6s 

m8 

15-30 

19.13 

11-95 

16.76 

30.60 

34-43 

38.25 

42.1 

45-9 

497 

53.6 

57-4 

6t.2 

18I 

3-93 

7.86 

11,79 

15-73 

1966 

13-59 

17.51 

31-45 

35-38 

39-31 

43-1'  47-1 

51.1 

55-0 

59-0 

61.9 

'^, 

4.04 

8.08  12.11 

16.15 

10.19 

14.13 

28.26 

32.30 

36.34 

40.38 

H-4l  48-5 

51.5 

1' 

I9i 

4.1+ 

8.29,12.43116.58 

20.72 

24.86 

29.Q1 

33-15 

37-29 

41-H 

45-6 

49.7 

53.9 

58:0;  62:2 

» 

4'2S 

8.50,11.75 

17.00 

21.25 

25.50 

19-75 

34.00 

38-25 

41.50 

46.S 

51.0 

55.3 

59.5;  63.8 

6Sx) 

if 

4-56 

8.71  13.07 

17.43 

21.78 

26.  u 

30,49 

34.85 

39.21 

43.56 

47-9 

51,3 

56.6 

61.0'  65.3 

«9.7 

4.46 

8.93  13-39 

17.85 

11.31 

26. 7B 

31,14 

35.70 

40.16 

44.63 

49.1 

53.6 

S8.0 

61.5,  669 

71.4 

ill 

4-S7 

9.14 

13-71 

18.18 

12.84 

17.41 

3 '■98:36.55 

41.11 

4569 

50.3 

54.8 

59-4 

64.0 

"■! 

2i 

4.68 

9-3S 

1+03 

18.70 

23.38 

18.0s 

32.73:3740 

42.0S 

46.75 

5.-4 

S6.i 

60.8 

6S.S 

70.1 

7«.« 

2li 

4-78 

9.56 

14-34 

19.13 

13-91 

18.69 

33.47-38.1? 

43.03 

47.81 

S1.6 

57-4 

62.2 

66.9 

71-7 

7«-S 

^3, 

4-89 

9.78 

14.66 

195s 

14-44 

19-33  34-11,39.10 

43-99 

48.88 

53-8 

S8.7 

63.5 

68.4 

73-3 

78.! 

13* 

4-99 

9-99 

14.98 

19.98 

24.97 

29.96  34-96[39-95 

44-94 

49.94 

54-9 

59.9 

64.9 

69.9 

74.9 

PJ 

14 

S-io 

,0.«= 

IS.30 

20.40 

15-50 

30.60 

,5.7040.80 

45.90 

51.00 

56.1 

61.2 

66,3 

71.4 

76-5 

81.6 

IS 

S-3' 

10,63 

iS-94 

11.25 

2656 

31-88 

37-I9I41-50 

47.81 

53.13 

58.4 

63.8 

69.1 

74.4 

79-7 

85.0 

26 

S-S3 

11. or 

16.SK 

27.63 

33-iS 

38.68144.20 

49-73 

ss.is 

60.8 

66.3 

71.8 

77.4 

81.9 

88., 

27 

S74 

11.48 

17.11 

21.95 

28.69 

34-43 

40. 16145.90 

51.64 

57.38 

63.1 

68.9 

74.6 

80.3 

86.1 

91.8 

i8 

S-95 

11.90 

17.8s 

23-80 

19-75 

35-70 

41.6547.60 

53.55 

59.50 

65-5 

71.4 

77.4 

83-3 

89.3 

95.* 

J9 

6.16 

11.33 

iB-49 

14-65 

30.81 

36-98 

43-1449.30 

55.46 

61 .6j 

67.8 

74.0 

80.1 

86.3 

91.4 

98.6 

30 

6.38 

ii.7S 

19.13 

iS-SO 

JI.88  38.15  44.63'5i.oo 
329439.5346-11  52.70 

57.3863.75 
59.1965.88 

70.1 

76.5 

82.9 

89.3 

95,6  102.0 

3' 

6.S9 

1J.18 

19.76 

16-35 

71-5!  79-1 

85.6 

9Z.2 

98.810S.4 

3» 

6.80 

13.60 

10.40 

17.20 

34-00  4080  47.6054-40 

61.2068.00 

74.8 

81.6 

88.4 

95-2 

102.0  ioe.a 

33 

7.01 

14-03 

11.04 

28.05 

35.0642.08+9^56.10 

63.1170.13 

77.1 

84.2 

9I.J 

98.1 

105.2112.1 

34 

7.23 

14-4'; 

11.68 

28.90 

36-13  43-3!  50.s8|S7-8o;65.03!7i-iS 

79.5 

86.7 

93-9 

108,4'.  15-6 

'1 

;« 

I+.88 

12.31 

19.75 

37-i9;44-63]si-o6,;9.50,66.94;74-38 

81.8 

89-3 

96.7 

104.11111.6119.0 

36 

15-30 

21-95 

30.60 

38-15 

+S-90 

S3-SS  61,10 

68.85 

76.50 

84.1 

91.8 

99-S 

107. 1  114.8.112.4 

37 

7.86 

iS-73 

13-59 

31-45 

39-3' 

47.18 

SS.04  61,90 

70.76 

78.63 

86. 5 

94.4 

101.2 

iio.iii7.9!iiS-8 

38 

8,08 

16.  IS 

24.13 

31-30 

40.38 

48-45 

56.53  64,60 

71.68 

80.75 

96.9 

105.0 

1131,111.1,1^9-1 

39 

8.29 

16.5S 

2^.86 

331S 

41-44 

49-73 

58.01  66.30 

74.59 
76.50 

32.88 

91.2 

99.5 

107.7 

1160,124.3  131.6 

40 

8.50 

17.00 

25.50 

34.00 

4150 

5 1.00!  59.50^68.00 

85.00 

93.5 

110.5 

119-0117.5136.0 

41 

8.71 

'7-43 

16.14 

34-8S 

43-s6 

52.28,60.9969.70 
53-5Sl624e|7i-40 

78.4. 

87-13 

95.8 

104.6 

113.3 

121.0  130.7I  1 39.4 

42 

B.93 

17-85 

16.7S 

35-70 

4463 

B0.33 

B9.lf 

98.1 

107.1 

125.0133.9142.8 

43 

9.14 

18.18 

17-41 

36.SS 

45-69 

seiio 

63,9673.10 

81,14 

91.38 

100.S 

109.7 

1I8!8 

127.9  137.1I146-I 

44 

9-3S 

18.70 

iSjss 

37-40 

♦6-75 

65.4s  74-80 

84.15  93.50 

102.9 

112.2 

121.6 

1309140.3 

149.6 

4S 

9.56 

19-13 

28.69 

38.15 

47.81 

57-38 

66.94  76.50 

86,0605,63 

105.2 

1.4.8 

114.3 

133.9143-4 

I53-0 

46 

9.78 

I9-5S 

19-33 

39.10 

4S.88 

58.65 

68.43  78ioS7-98,97-75 

107.5 

117-3 

1 17.1 

.36.9.46-6 

156., 

47 

9-99 

19-98 

29-96 

399S 

+9-94 

59-93 

69-91  79  90:89.89  99-88 

109.9 

119.9 

129.8 

139.8  149.8 

1S9.8 

48. 

20.410 

30.60 

40.80 

51-00 

61.20 

71.4081.6091  80  101.0 

"" 

112.4 

131.6 

i4i8|iS3.o|i63.2| 

ijLobgl, 


TABLE  2.—C<nUiHiitd. 
Weights  of  Stsel  Bam  axd  Plates. 


P 

^^^■HH 

ouNDs  PER  Lineal  Foot. 

sas: 

TbicVnoi.  IncliM. 

A 

i 

A 

i 

_A_ 

1 

_A_ 

i 

ft 

1 

ft 

i 

» 

1 

H 

. 

49 

;a 

20.8 

31.2 

417 

51- 1 

62.S 

72.9 

83-3 

93.7 

104.1 

114.S 

125.0 

I3S4 

I4S.8 

1562 

i66.f 

SO 

21.3 

31.9 

41-S 

53-1 

63.8 

744 

85-0 

95.6 

106.3 

116.9 

127.S 

138.1 

148.8 

159-4 

170JJ 

S' 

10.8 

21.7 

3a-S 

434 

S4.2 

65.0 

7S.9 

86.7 

97.S 

108.4 

iig.2 

.30.1 

140.9 

151.7 

162.6 

'm 

SI 

33  a 

44.2 

SS-3 

66.3 

77-4 

88.4 

99-S 

1I0.S 

121.6 

132.6 

1437 

IS4-7 

165.B 

S3 

"■3 

i2.s 

33.8 

4S-I 

56.3 

67.6 

78.8 

90.1 

101.4 

112.6 

123.9 

135.2 

146.4 

1S7-7 

i68.g 

180.; 

S4 

"S 

2J.O 

344 

4!-9 

574    68.9 

80.3 

91.8 

103-3 

114.8 

126.2 

137.7 

1492 

160.7 

172. 1 

183J 

u 

1 1.7 

134 

3SI 

46.8 

S8.4    70.1 

81.8 

93-5 

105.2 

128.6 

140.3 

151-9 

'^Ai 

175-3 

187  r 

119 

23.8 

35-7 

47.6 

S9-S 

71.4 

83.3 

95.2 

107.1 

119.0 

130.9 

142.8 

'S47 

166.6 

178.5 

190.. 

S7 

24.2 

36.3 

48.S 

60.6 

72.7 

84.8 

96.9 

109.0 

133,2 

1454 

157-5 

169.6 

181.7 

193-8 

S8 

11.  J 

24.7 

370 

49.3 

61.6 

74-0 

98.6 

1 10.9 

123-3 

135-6 

i4;-9 

160.2 

172.6 

184.9 

197-J 

S9 

"■S 

2S-I 

37.6 

50.2 

62.7 

7S-2 

87:i 

100,3 

112  8 

1254 

137-9 

i50.5 

163.0 

17S-S 

188.1 

200.« 

60 

12.8 

25-5 

3B.3 

SI.0 

63.8 

76.S 

893 

127.5 

140.3 

1^-° 

165.8 

I78.S 

191.3 

204  c 

61 

13.0 

2!.9 

389 

SI.9 

64.8 

77.8 

90.7 

103.7 

1167 

129-6 

142.6 

■sr6 

168.5 

I8I.5 

1944 

207.4 

6a 

ij.i 

26.4 

39-S 

;i-7 

6s-9 

79.1 

92.2 

105.4 

118.6I131.8 

144.9 

158.1 

17I.' 

184  s 

197.6 

210.! 

63. 

13-4 

26.8 

40.2 

S3 -6 

66.9 

B0.3 

937 

107.1 

120.5  '33.9 

147-3 

160.7 

174.0 

1874 

2oo.e 

214.] 

6+ 

13.6 

27.2 

40.8 

544 

68.0 

B1.6 

95-2 

108.8 

122.4 

136.0 

149.6 

163.2 

176.8 

1904 

204.0 

217.t 

6S 

13.8 

27.6 

41.4 

SS-3 

69.1 

82.9 

96.7 

MO.S 

:^4.3 

138.1 

'SI -9 

165.8 

179.6 

'934 

207.2 

221c 

66 

14.0 

28.1 

56.1 

7Q.1 

B4.2 

98.2 

126,2 

140-3 

'S4-3 

168.3 

182.3 

1964 

2104 

224-^ 

67 

14.1 

28.S 

42,7 

57-0 

71.2 

854 

99-7 

113.9 

128,1 

1424 

156.5 

170.9 

185.1 

199-3 

21J.6 

227,S 

68 

'4-5 

28.9 

434 

S7-8 

72.3 

86.7 

115-6 

130.1 

144.S 

159.0 

'73  4 

187.9 

102.3 

2i6.S 

231.1 

69 

H-7 

29.3 

44.0 

58.7 

73-3 

B8.0 

102.6 

117.3 

132.0 

146.6 

161.3 

lAo 

190.6 

205.3 

219-9 

2J4.( 

7° 

"*9 

29.8 

44.6 

59-5 

74  4 

B9.3 

104.1 

119.0 

133.9 

148.8 

163.6 

178.5 

1934 

208.3 

223.1 

2J8.C 

71 

'SI 

30.2 

4S-3 

60.4 

754 

90-5 

105.6 

120.7 

135.8 

150.9 

166.0 

181.1 

196.1 

226.3 

24M 

7* 

tS.3 

30.6 

4S-9 

61.2 

76.^ 

9..S 

122.4 

137-7 

153-0 

168.3 

183.6 

198.9 

214.2 

229.5 

=44-! 

73 

iSS 

31.0 

46.5 

61. 1 

77.6 

93.1 

108.6 

■  24-1 

139.6 

155.1 

170.6 

1862 

201.7 

217.2 

232.7 

248.= 

74 

15-7 

3'.S 

47.2 

62.9 

78.6;  94.4 

141.5 

157.3 

1730 

188.7 

2044 

235.9 

2S1,( 

7S 

15.9 

3"9 

47.8 

63.8 

797    95-'' 

111.6127.5 

1434 

'594 

175-3 

191.3 

207-2 

223.1 

239.1 

76 

16.2 

3!-3 

48  s 

64.6 

80.8,  96.9 

113. 1 

129-2 

1454 

161.5 

>77.7 

193.8 

226.1 

242.3 

258^ 

77 

164 

3*7 

49.1 

65.5 

81.8    98.2 

114.5 

130.9 

147.3 

163.6 

180.0 

196.4 

229.1 

24S4 

261,1 

78 

16.6 

33.2 

497 

66.3 

82.9   99.; 

116.0 

132.6 

149.2 
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TABLE  5. 
Moments  of  Inertia  or  Two  Plates  One  Inch  Wide,  Axis  X-X. 
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For  Moment  of  Inertia,  deductlnR  for  rivet  holes,  multiply  tabular  value  by  n' 
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4310.6  4635.0 14950.3  607-T 
4496.1  4823-4  ■5isi.3'6i:.-; 
4675-4  !soiS-4 '5356-3  6;<-:! 
4858.0:5211.3  5565.3  ,6&,.,i 

1 

.414-4' i78*-7 
1478.3  1850.0 
I533.i,  "918-7 
,589-1.1988.6 

2141-72501.5 

2122.61 1596.0 
2305,0, 2691,2 
2388,92790.1 

2861.3 
2970.3 
3080.3 
3192-3 

3213,8 
3  345 -4 
3469-1 
3S9S-3 

3586-2 
3721.4 
3859-0 
3999-2 

3949-5 
4098.1 
4249-7 
4404-0 

4313.5 

4475-9 
464.-3 
4809,7 

4678-5 
4854.5 
5033-7 
SI16-1 

5044.2  5410.8  15778-3  7in.;l 
5233-9  5614.1 15995-3  :;:■■; 
5427-015821-2  62,6.3  7tH' 
5613,7  6032,0  6441.3  ™; 

Il8 
120 

1645.911059.7 
l7oj.8zi)i.i 
1761-71205,7 
1821.6,1180.6 

2474.32889,8 
2561,212991,3 
2649,63094,5 

I739.sl3"99.4 

3306.33723.6 
3422.3  3854.2 
3540,313987.0 
3660.3  4111.1 

4141-8 
4287-0 

4561.0 
4720-8 
4883-3 
5048-5 

49Bi,o 
5'5S-4 
5332.8 
5513.2 

5401-0 
5 591-0 

5813,8 16146,6  I6670.3'32i.i 

6027.5  16464.9  6903.J  81:0.1 

6234.6  '6687,0  7140L3  'S70.: 
6445.3  ,6912.8  l73Bi.3l9og4 

For  Moment 

of  Inertia,  deducting  for  rivetl,  multiply  tabular  value  by  net  width. 

c,s.,=j  I,  Google 


TABLE  6. 

'eights  and  Areas  of  Sqoabs  and  Round  Bars  and  Circunferbncbs  of  Round  Bars. 

One  Cubic  Foot  op  Stebl  Weighing  489.6  lb. 


wy. 

w^m 

of 

Ana 

Citcum. 
fennce 

wy. 

W^t 

of 

^ 

ci-™™- 

r  Diam- 
eter in 

i 

• 

9 

Q 

iBCtatS. 

i 

9 

i 

f 

Q 

Ok  Ft. 

OwFt. 

InSq. 

In 

One  Ft 

inSq. 

inSq. 

in 

Long. 

Loos. 

lacbo. 

Incbea. 

lDCt». 

LODS. 

Lone. 

Ik£^ 

iDChW. 

30.60 
31.89 

14.03 
15.04 

9.0000 

9.3789 

7.0686 

94248 
9.611 1 

iV 

.013 

"!oi'o 

/»39 

.0031 

'■"963 

'ft 

i 

-OSJ 

XHs 

.0.56 

.0123 

.3917 

I 

33.20 

26.08 

9.7656 

9.8175 

A 

.119 

.094 

^S* 

.0276 

■5890 

ft 

34SS 

27.13 

10.160 

7-9798 

.0.014 

i 

.jii 

.167 

.0625 

.0491 

.7854 

I 

35-9* 

28.10 

10.563 

8.1958 

.0.110 

■333 

.161 

.0977 

-98I7 

ft 

37.31 

29.30 

10.973 

8.6179 

10.407 

t\ 

■37S 

.1+06 

.1104 

I.I78I 

1 

38.73 

30.41 

11.391 

8-9462 

10.603 

A 

.511 

.1914 

.1503 

1-3744 

ft 

i>..8 

31.56 

II.816 

9.2B06 

10.799 

^ 

.850 

.667 

.1500 

-"963 

1.S708 

i 

41.65 

32.71 

12.250 

9-62,1 

10.996 

t 

IJ)76 

■8+5 

;» 

.2485 

1.7671 

ft 

43.14 

33.90 

12.691 

9.9678 

11. .91 

1.3*8 

\-^l 

.3068 

1.963s 

t 

44-68 

35.09 

13-141 

11.3S8 

H 

1.608 

47*7 

■37" 

1.1598 

li 

46.24 

36.31 

13.598 

lo!^ 

11.585 

1.913 

1.502 

.5625 

.44.8 

1.3561 

47.81 

37.56 

14.063 

11-045 

11.781 

I 

a.i4S 

1-763 

.6601 

-S'85 
.6013 

1.5525 

i 

49-42 

38.8. 

14.535 

11.416 

11-977 

i.603 

1.044 

.7656 

2.7489 

It 

51.05 

40.10 

15,016 

u-793 

12.174 

I 

1.989 

'■n? 

.8789 

.6903 

1.9451 

51.71 

41.40 

15.504 

11.177 

12.370 

1 

3.400 

1.670 

I.OOOO 

.7854 

3.1416 

4, 

54.40 

42-73 

16000 

12.566 

12.566 

t 

3.838 

3.014 

i.,289 

.8866 

3.3379 

t 

56.  u 

44-07 

;':a 

.1.962 

11.763 

4-J03 

J  379 

1.1656 

.9940 

3 -5343 

S7-BS 

45.44 

13-364 

12.959 

A 

4-79S 

3.766 

1.4102 

1.1075 

3.7306 

ft 

59.61 

46.83 

17.535 

13.771 

IJ.I5S 

i 

S'3" 

4.173 

1. 5615 

1.2271 

3.9270 

i 

61.41 

48.14 

1S.063 

.4.186 

IJ-3S2 

ft 

S.8S7 

i-7"7 

1.3530 

4-I133 

t 

63.13 

49-66 

'8.598 

14-607 

13.548 

1 

6.428 

S-°*9 

1.8906 

I-+S49. 

4.3197 

65-08 

51.11 

19.141 

15.033 

■3.744 

A 

7.0.6 

S-SI8 

1.0664 

1.6230 

4.5160 

A 

66.95 

52.58 

19.691 

15.466 

13.941 

7.650 

6.008 

2-2500 

1.767. 

4.71*4 

i. 

68-85 

5+.07 

20.250  1 15. 904 

14.137 

; 

8.301 

6.520 

lil^ 

1.9175 

4.9087 

ft 

7078 

55.59 

2D.816 

16.349 

14-334 

* 

8.978 

7-OSl 

1.0739 

5.1051 

1, 

71.73 

57.12 

11.391 

16.800 

'4-S30 

9.682 

7.604 

1.8477 

2.236s 

S.3014 

« 

74.70 

S8.67 

11.973 

17.257 

14.716 

! 

10.41 

8.178 

3.0625 

2.4053 

5.4978 

76.71 

60.15 

11.563 

.7.71,1 

14.913 

« 

11.17 

8-773 

3.2852 

1.5801 

S.6W' 

1 

78.74 

61.84 

13.160 

.8.190 

.5.1.9 

i 

11-9S 

9.388 

3.5150 

2.7612 

5.8905 

80.81 

63-46 

23.766 

18.665 

15-31S 

H 

11.76 

3.7539 

2.9483 

6.0868 

« 

82.89 

65-10 

24.379 

19.147 

iS-S" 

2 

13.60 

10.68 

4.0000 

3.14'6 

6.2832 

s 

85.00 

66.76 

25.000 

19.635 

15.708 

t 

14.+6 

11.36 

4-»S39 

3.3410 

6,4795 

t 

87.14 

68.44 

25.629 

20.129 

15.904 

IS.3! 

12.06 

4.5156 

3.5466 

6.6759 

89.30 

70.14 

16.166 

20.619 

.6.10. 

A 

16.27 

11.78 

4.7851 

3.7583 

6.8722 

ft 

91 -t9 

71.86 

26.910 

21.135 

16.197 

I 

17.11 

13.51 

5.0615 

3.9761 

7-0686 

1 

93.72 

73.60 

27.563 

21.648 

;^:^ 

18.19 

14.28 

S-3477 

4.2000 

7.1649 

• 

95.96 

75-37 

Z8.123 

22.166 

19.18 

15.07 

S.6+06 

4-4301 

7.4613 

7715 

18.891 

11.69. 

ft 

.5.86 

5.9414 

4.6664 

7.6576 

A 

100.5 

78-95 

29.566 

13.121 

,7.081 

i 

ii.i; 

16.69 

6.2500 

4.9087 

7.8540 

) 

io2.a 

80.77 

30250 

23.758 

,7.279 

ft 

11.33 

'7-S3 

S-'57i 

8.0503 

1051 

81.62 

30.941 

24.301 

17.475 
17.671 

i 

23.43 

18.40 

;-4"'9 

8.1467 

107.5 

84.49 

31.641 

14.850 

ti 

14.56 

19.19 

7.1117 

S.6727 

8^430 

ii 

110.0 

86.38 

31.348 

25-406 

.7.868 

i 

15.71 

10.10 

7.5625 

5.9396 

8.6394 

1124 

88.29 

33.063 

25.967 

18.064 

t» 

16.90 

7.9102 

6.1126 

8.8357 

1 

114.9 

90.21 

33.785 

26.535 

18.16. 

i 

18.10 

22.07 

8.3656 

6.4918 

9.0311 

117.4 

92-17 

34.516 

27109 

18457 

H 

19-34 

13.04, 

8.6189 

6.7771 

9.2284 

H 

"9-9 

94.14 

35.154  ;27.6BB 

18.653 
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TABLE  6. 

-Conlinued. 

Wbigbts 

AND  Arbas  of  Square  and  Round  Baks  and  Cikcuufhuncgs  op  Roukd  Ba^ 

One  Cubic  Foot  of  Steel  Weighing  489.6  lb. 

Wdiht 

w^ 

Ana 

Area 

CiTTU™ 

wy. 

W^t 

^ 

of 

Cimutt-' 

^J^ 

.1 

• 

i 

© 

0 

otDliun- 

■ 

• 

m 

# 

0 

bT 

Bar 

flS 

£dii?. 

Bar 

Bar 

Bar 

sz 

One  Ft. 

One  Ft. 

InSa. 

!nSq. 

in 

On*  Ft, 

One  Ft. 

inSQ. 

IdSq. 

in 

Lory,, 

Long. 

Inch«. 

iKbee, 

tncllel. 

Long, 

Long. 

lotha. 

Indn. 

Imbrf. 

6 

IZI.4 

96.14 

36.000 

28!b66 

16.850 

9, 

175.4 

116.J 

81.000 

63.617 

18-2:41 

t 

12S.O 

98-14 

36,75+ 

19.046 

i^ 

279-3 

219-3 

81,129 

64-505 

18.4:1 1 

127.6 

37-516 

29.465 

19.142 

283-1 

222.4 

83.166 

65-397 

28.«.-i 

A 

130.* 

I0J.2 

38.28s 

30.069 

19,439 

A 

187.0 

115-4 

84.410 

66.196 

28,6'-i 

} 

IJI.8 

104.3 

39-063 

30,680 

19-63  s 

^ 

290.9 

228.5 

85-563 

67.101 

29.0tC 

p 

I3S-S 

106.4 

39-848 

11,296 

19-831 

f 

194.9 

231-S 

86.723 

68.112 

19,25' 

13S.2 

108.5 

40.641 

3»-9'9 

10.018 

298.9 

234-7 

87.891 

69.029 

19.4;: 

A 

140.9 

1 10.7 

41-44' 

32.548 

10.114 

A 

J02.8 

237-9 

89.066 

69-953 

29-64'i 

14J.5 

II2.8 

41.150 

33.>83 

10.410 

!. 

306.8 

241.0 

90.250 

70.882 

29-f45 

ft 

146.! 

1.4.9 

43.066 

33-824 

20.617 

it 

310.9 

24+.1 

91-441 

71.818 

io.041 

149.2 

117.2 

43,891 

34-47.1 

10-8 13 

315.0 

=47.4 

91-641 

71.760 

30.13-- 

« 

152.1 

119.4 

44-723 

35-115 

11.009 

« 

319.1 

150.6 

93.848 

73-708 

30-434 

•549 

121.7 

45563 

35-785 

11-206 

323.1 

253.9 

95-063 

74-662 

30.651 

i 

1S7.8 

123.9 

46.410 

36-450 

11.401 

1 

3274 

257.1 

96-285 

75.612 

30.827 

160.8 

126.2 

47.166 

37.112 

2I-S98 

3316 

260.4 

97.516 

76.589 

31-013 

U 

163.6 

128.5 

48,129 

37-800 

21-795 

H 

335.8 

163.7 

98-754 

77-561 

31.011 

7, 

166.6 

IJO.9 

49.000 

38-485 

11.991 

10 

J40.0 

167.0 

100.00 

78-540 

ji.4ie 

* 

169.6 

133.2 

49.879 

39-175 

12-187 

t 

344.3 

270.4 

101 .15 

79-525 

31-6,2 

X 

172.6 

135.6 

SO.766 

39.871 

22.384 

348-5 

273-8 

102.52 

80.516 

31-809 

I7S.6 

IJ7.9 

51.660 

40.574 

22.5S0 

ft 

352.9 

277.1 

103.79 

81.513 

32.005 

I 

178.7 

140.4 

52.563 

41,282 

21.777 

4 

357.2 

180.6 

105.06 

81.5  le 

31.101 

181.8 

142.8 

53.473 

41,997 

12.973 

361-6 

184,0 

106.3s 

83.525 

32.39S 

1 

.84.9 

I4S.J 

54.39' 

42.718 

23-169 

366.0 

287-4 

107-64 

84-54' 

32-594 

1S8.1 

147-7 

55.316 

43-445 

23.366 

A 

370.4 

190.9 

108.94 

85-561 

31.790 

X 

191-3 

150.2 

56,150 

44-179 

23.562 

i 

374.9 

194-4 

110.15 

86.590 

3i-9-''7 

194.4 

152.7 

57-191 

44-918 

23.758 

4 

3794 

197.9 

J11.S7 

87.614 

33-'**.! 

A 

"97.7 

155,2 

58,141 

45-66+ 

13-955 

t 

3B3.8 

301.4 

111.89 

88.664 

33-37^ 

WO.9 

IS7.8 

59.098 

46.41S 

24.151 

H 

388.3 

305-0 

114.21 

89.710 

33-57* 

i 

ao4.i 

.60,3 

60063 

47-173 

24.347 

391.9 

J08.6 

115-56 

90.763 

33-771 

H 

207,6 

.63,0 

61.03s 

47-937 

24-544 

I 

397-5 

311.1 

116.91 

91-811 

33-9<>^ 

} 

210.8 

165,6 

62,016 

48,707 

24-740 

402.1 

315-8 

118.27 

92.886 

34- 16: 

H 

114.2 

168.1 

63.004 

49.483 

24-936 

1 

406.8 

319.5 

119.61 

93-956 

34-361 

s 

217.6 

171,0 

54.000 

50,165 

25-133 

II 

41 1-4 

323.1 

111.00 

95-033 

34-5="' 

A 

1736 

65,004 

51,054 

15-329 

t 

4.6.1 

326.8 

121.38 

96.116 

34-754 

I 

214.5 

.76,3 

66.016 

51-849 

25-515 

410.9 

330.S 

123-77 

97.205 

34-950 

179.0 

67.03  s 

52.649 

35.722 

ft 

425.5 

334-3 

125.16 

98.301 

3S14- 

231.4 

iSi.S 

68,063 

53-456 

»S-9j8 

1 

430-3 

337.9 

116.56 

99.402 

3S-34J 

i  ■ 

234-9 

184.5 

69,098 

54-269 

ft 

435-1 

341.7 

127.97 

35.559 

23R.S 

IB7.3 

7014! 

ksIJ 

1 

439-9 

345-5 

119-39 

101.61 

35-736 

A 

141.0 

190,1 

71-191 

5S-9H 

26.507 

ft 

444-8 

3494 

130.82 

102.74 

lJS-933 

1 

245-6 

193.0 

72.250 

56-745 

26,704 

i 

449-6 

353-1 

131.15 

103.87 

36.12s 

249.J 

195-7 

75,316 

57,583 

ft 

454-5 

133.69 

105-00 

36.3:5 

t 

252.9 

198,7 

74391 

58.426 

27.096 

1 

459-S 

"35  14 

106.14 

36.5:. 

H 

156.6 

201.6 

75-473 

59-276 

17,293 

H 

464.4 

364-8 

136.60 

107.18 

36.717 

1 

260.3 

204.4 

76,563 

60.132 

27,489 

469-4 

368,6 

13B.06 

loS^j 

36-914 

J64.1 

107.4 

77.660 

60.994 

17.685 

I 

474-4 

372.6 

13954 

10959 

j7.n0 

2^7,9 

210.3 

78,766 

61.862 

27.SH2 

4795 

376.6 

141.02 

110.7s 

37.1* 

U 

271.6 

113.3 

79.879 

61-737 

28,078 

1 

484-S 

380.6 

142.50 

1 1 1.91 

37-503 
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TABLE  7 
Properties  op  Caknecie  1  Beams 
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Inch..' 
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Inch» 

34 

I  IS 

34.00   1  0.750 

8.000 

1    955.5 

83-23 

9.33 

1.57 

1464 

328000 

18,39 

32^8    0.688 

7-938 

2    883.5 

81.0 

9.41 

1.58 

240.3 

321  oco 

18.58 

los 

30.98    0.625 

7-875 

1    811.5 

78 .9 

9.53 

1.60 

134.3 

312  000 

18.78 

!94i  i  0.754 

7-154 

1    380,3 

48,56 

9-op 

1.28 

.98.4 

264000 

17,82 

95 

27.94  1  0-691 

7.192 

2   309,6 

47.10 

9.09 

1.30 

192.5 

257  000 

17.99 

go 

26.47  '■  0-651 

7.131 

I   239.1 

45.70 

9,20 

1.3 1 

186,6 

249000 

18.11 

85 

2SJ30      0.S7O 
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2    168.6 

44.35 

9,31 

1.33 
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18.43 

Bo 

23.32  0.500 
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42.86 

9.46 

1.36 
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18.71 

iO 
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19.41 

0.8B4 

7.284 

'^■^ 

52.65 

7-50 

1-34 

165.6 

221    000 

14-76 

95 

17-94 

0.810 

7.210 

I    606.8 

50.78 

7.58 

1-35 

160.7 

214  000 

14.92 

90 

16-47 

0.737 

7.137 

I  SS7-8 

4B-98 

7.67 

.,36 

'55.8 

208   000 

iS.io 

85 

25.00 

0.663 

7.063 

I  508.7 

47-15 

7-77 

1,37 
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15.30 

80 

»3-7J 

0.600 

7.000 

I  466.S 

4S.BI 
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1.39 

146.7 
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15-47 

75 

12.06 

0.649 

6.399 

I  168.9 

30,25 

7.58 

\f.i 

14.98 

70 

20.59 

0.575 

6.325 

I  119.9 

29.04 

7.70 

15-21 

65 

19.08 
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6.250 

I   169,6 

27.86 

7.83 

1.21 

I17J3 

IS6000 

15.47 

te 

90 

26.47 

0.807 

7-HS 

J  160.3 

51.00 

6.90 

1.40 

140.0 

187000 

>3.Si 

85 

25.00 

0.715 

7.163 

4999 

6,99 

135.6 
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TABLE  12 

Safe  Loai>s,  in  Tons,  and  Dbplections,  Cabnbols  I  Bbaus 

Ahekican  Bridge  Company  Standards 
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TABLE  l2.—ConHHw4. 

Safe  Loads,  in  Tons,  and  Deflections,  Carnegie  I  Beams. 

American  Bkidge  Company  Standards. 
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The  figures  give  the  safe  uniform  toad  in  tons,  based  on  extreme  fibre  stress  of  16.000  lb.,  or 
the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  safe  loads  and  four-fifths  of 
(he  values  given  for  deflections.     Figures  for  deticctions  are  given  in  inches. 

For  figures  at  right  of  heavy  zigzag  lines,  deflections  are  excessive  for  plastered  ceilings. 
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TABLE  13. 
Safe  Loads,  in  Tons,  and  Deflections,  SuPFLBUENTARy  I-Bbams. 
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The  figures  give  the  safe  uniform  load  in  tons,  based  on  extreme  fiber-stress  of  16,000  lb.; 
or  the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one  half  of  figures  given  for  allowable  load  and  four- 
fifths  values  given  for  deflection. 

Figures  for  deflection  are  in  inches. 
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TABLE   IS 
Eleuents  of  Cabnegie  Channels 


; 

«1 — 

1 

1 

1- 

■fe~ 

f  i  . 

1 

1   . 

k        h 

Ki 

#1 

3     i 
0    1 

il 

1! 

1 
1 

In. 

^ 

d        1 

b        c 

Pouods      ll 

.     m. 

Id.        to. 

In.       In. 

Ft.-Lb. 

In.      m 

In.       In. 

In. 

In. 

'S 

SS           3 

SO          3 
45           3 
40          J 

35          3 

H 

A     >i 

i     1 

76000 
72  000 

i  i^ 

f    ^ 

i 

■■ 

40         3 
3S          3 
30         3 
as         3 

10.  S       3 

1  I 

i  ;i, 

44  000 
40000 
36  000 
31  000 
28  000 

I 

1 

" 

35           3 
30          3 
IS          2 
10         I 
15          1 

A       8 
t       8 

t       s 

A         8 
1         R 

P 

24  000 
iR  000 

!    \ 

1  ; 

1 

In 

9 

IS          * 

IS          * 

2 

A        7 

'f 

18  000 

1 

I 

ti 

16.15     2 
13.7s     a 
11.15     1 

A 

A       6 

i       6 

A         6 
A        6 

i       ^ 

is 

IS  000 

13  000 
11  000 
11  000 

A      1 

» 

7 

'9-75      » 

i7.iS     i 
•4-75     i 
11.15     I 

9-75     1 

;: 

5 

1 

11  600 

II  soo 
ro  300 

A 

i 

8 

6 

'5-5       2 
13          a 

1 

4 

8  700 
7  700 
6  7a> 
;  800 

1 

6 

i 

s 

X 

S 

11.5     2 

1.,  1 

1; 

3 

S  soo 
4  700 

: : 

ir 

! 

* 

4 

Si 

5-»S 

_  1  ■ 

A       * 

1  500 

t\^ 

!   [    6 

J 

5 
4 

1  ■ 

A       I 

I  800 
I  600 

I  400 

M 

) 

6 

D,t„.n,  Google 


TABLE  16. 
Web  Rbsistances  for  Channels. 

CAsmoiB  Chaknh*.  Faou  Cabnhiib's  Pockh  Coupahioh.                                      | 

Depth 

nel." 

WdEht 

AUow^ile 
Web 

Shear. 

Allowabte 
Buckllni 

Min. 
End 
Bear- 
lot. 

End 

Depth 

4- 

Wedaht 

^H* 

ess 

ina. 

End 
Reac. 

-.-it" 

Inchu.  PouDda. 

Pounds, 

p^^. 

Inches. 

Pounds 

!.»». 

Pound. 

Pound). 

Pounda 
per  Sq.  In. 

Inches. 
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[i 
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Safe  end  reaction  R-AX  ((a +i(W.     Sate  Interior  load  P -  J/.  X  ((a^  +  ^(4). 

In  these  formulas  K  ia  the  end  reaction,  F  the  concenlrated  load.  1  the  web  thlcknen,  d  the  depth  of  the  beaic. 
a'  half  the  distance  over  which  the  concentrated  load  is  applied  and  a  the  whole  distance  over  which  the  end  leactini 
is  applied.  whUe/t  is  the  safe  laistance  of  the  wtb  to  buckhng  in  pounds  per  aquan  inch  by  the  formula  leooo 
-loodlir    (d/i-:  in  column  formula). 

The  taUe*  give  foi  beama  with  unsupported  weba : 

1.  The  allowable  aheai  V.  00  the  g™.  «™  of  beam  or  channel  weba  at  10,000  pounda  per  aquaie  inch, 

3.  The  dluance  o,  or  the  dlMance  over  which  the  end  nactlon  muat  be  diatributed  when  the  ahearinc  «»•. 
V,  hi  the  web  Is  the  mallmum  allowBble  of  10.000  pounds  pet  SQUaie  Inch. 

4,  The  allowable  end  r«ctkm  (K)  when  0  li  taken  at  jl"  which  la  the  usual  length  of  beam  actuilly  re«ini 
on  the  4"  BDSles  ordinarily  used  in  buUdins  consUucUon  lot  beam  mM*. 

Cambua  Chahhels.  UmioKULT  Latoto,  Fkou  Cahbuji.  Hand  Book, 
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TABLE  17 

Sate  Loads,  in  Tons,  and  Deflections,  Caknbgir  Coannsls 

American  Budge  Company  Standards 


Weight 

LnwiH  or  Sum  m  Fm                                                      I 
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24 

19 
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16 
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14 
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■S 
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9-9 
8.8 

13 
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8-1 

9-6 
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71 

9 
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7 
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9 

1 

8^0 

8.0 
7-1 
6.S 
S.8 
i;,2 

7-3 
6.6 
6.0 
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s-i 
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1.8 
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.5p  j  /.J 

1.2 
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1-7 

The  figures  give  the  safe  uniform  load  in  tons,  based  on  extreme  fiber  Btreaa  of  16.000  lb.,  or 
the  end  reactions  from  sate  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  sate  loads  and  four-fiitha  of 
the  values  given  for  deflections. 

Figures  for  deflections  are  given  In  Inches. 

For  figures  at  right  of  heavy  zigzag  lines,  deflections  are  considered  excesdve  for  pUatered 
ceilings. 
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TABLE  n.—CoHlinn^ 

Safe  Loads,  in  Tons,  and  Deflections,  Caknegie  Channels 

American  Bridge  Companv  Standards 
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TABLE  18. 
«  Toms,  and  Deflbctions,  Carnegie  Channels  Laid  Flat. 
Ambkican  Bbidgb  Coufanv  Standabds. 
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Thi^  flgurea  give  the  safe  unEform  load  In  tans,  baaed  on  extreme  liber  stress  of  16.000  lb.,  or 
the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  ctnWr.  use  one-half  of  figurca  given  for  safe  loads  and  four-fifths  of 
the  values  given  for  deflections.    Figurea  for  deflections  are  given  in  inches. 

For  figures  at  right  of  heavy  ligiag  lines,  deflections  are  excessive  for  plastered  ceilings. 

TABLE  18a. 

Coefficients  of  Deflection,  Uniformly  Distributed  Loads. 

For  Concentrated  Load  at  center  use  four-fifths  the  tabular  coefficient. 
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4-S» 

■99 
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8.S 

a.48 
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1.92 

3.96 
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46 

88 

1.26 

.64 

■55' 

'  950 
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7.2 

2.09 

.76 

1.16 
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3.38 
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23 

!9 

1.27 

■65 

■554 
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1 

S-8 

1.69 

■74 
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1.36 

2.77 

.60 

1.28 

.6s 
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H 
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4.62 

■^ 

1.23 

3.33 
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r.6s 

zo 

85 

1.04 

.62 

■^ 
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14.7 
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.96 

3^i5 

4.70 

'54 

OS 

85 

r.04 

.62 

.698 

2  730 
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13,6 

4.00 

■94 

1. 19 

2.96 

4.41 

1.44 

91 

86 

I.OS 

.62 

■703 

2  sso 

I  920 

12.S 

3.67 

.92 

1. 17 

2.76 

1.33 

76 

87 

1.06 

.62 

■707 
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3.34 
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i-iS 

^■S! 
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61 

87 
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.62 

■71' 
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3.00 

.88 

1.13 

i.33 
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45 

88 

1.07 

.62 
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9' 

2.65 

.85 

2.09 

3.10 

.98 

29 

89 

1.08 

.62 
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7-9 

2.30 

■83 
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1.8s 

2.73 

■85 

>3 

90 

1.09 

.61 

.721 
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6.6 

1.93 

.81 

1.06 

1.58 

^■33 

■72 

96 

9° 

i^ 

■724 
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960 

i 

S-4 

1.56 

■79 

1.04 

1.29 
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■S8 

78 

9' 
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.63 

■727 
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■77 
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85 

69 

1.06 
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j[ 

"S 

3.36 
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■S3 
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3.06 
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•■23 

1.49 
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.84 
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i 

94 

1.7s 

■70 

1.36 

3.24 

.76 

4' 

70 

1.09 
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1.43 

.68 
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1.91 
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26 

71 
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■54 

■49' 
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j( 

7.1 

.66 
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1.09 

2.S6 
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09 

72 

I.IO 

■54 
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6.1 

^78 
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1.14 

■94 

2.19 
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93 

73 
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1 
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TABLE  24.—C<MUintied 
Propbktibs  of  Unequal  Leg  Akch^s 
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■57 

■95 

43 

■434 
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430 

1 
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1.09 
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■57 

■95 
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.97 

-3« 

-84 

.20 

■41 

-58 

■95 

-43 

446 

SSO 

270 

■ix^ 

1 
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i-SS 

■5? 

.83 

.51 

■91 

-36 

■SS 

-58 

-77 

.42 

ti"* 

730 

480 

it 
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I.7S 

^t 

-51 
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3.6s 
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6.6i 
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8.0J 
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4  X3 
3lX3 
3iX2i 
3  X2i 
3   Xi 
iiXi 

... 

1-44 
1.31 

1. 19 

IJ36 

0.81 

Sub 

I 

A 

i 

A 

1 

A 

i 

A 

1 

H 

! 

u 

I 

H 

■ 

lA 

li 

B,„ 

c.s.,=j  I,  Google 


TABLE  36 
Weights  of  Angles 


Anglbs  with  Equal  Legs 

WBona  a  Pomna  fb  Foot 

Ste 

1 

A 

i 

A 

1 

A 

i 

A 

1 

H 

1 

H 

{ 

H 

/ 

'A 

Jl 

Size 

8'xe' 

6  X6 

s  xs 

4  X4 

jlxji 

)  X3 

.ixil 

>lx.i 
«lx.i 

»  Xa 
liX.l 

iix.i 

ilXii 
iXi 

S.2 

7-i 
6.1 
S.6 
S-o 
♦■5 
3-9 
J-4 
*-9 
1-3 

14-9 
11-3 
9-8 

8.S 
7-1 
6.6 
S-9 
S-3 
4-7 
4.0 
3-4 

17.1 

14-3 
•1-3 
9.8 
8.3 
7.6 
6.8 
6.1 
S-3 
4.6 

16.4 
.9.6 

16.1 
11.8 

9-4 
8.S 
7-7 
6.8 

19-6 
11.9 

ie.i 

'4-3 
IM 
10.4 

31.7 
24.1 

iS-7 
13-6 
ii-S 

3S.S 
■«! 
11.8 
17.1 

14.8 

38.9 
.8.7 
.3.6 

l8.i 
16.0 

41.0 
31.0 

19.9 
17. 1 

4S-0 
331 

17-3 

48.1 
33.3 
.8.9 

SI.0 
37.4 
30.6 

S4.0 

36.9 

8-X«' 
6  X6 
s  x; 

4-9 
4S 
4* 
3.6 
3-2 
S.8 
33 
1-9 
IS 

21x2; 

0.8 

3-1 
1.B 
M 

LB 
LS 

i.a 

aiX:l 

liXii 

Iix.i 

Ancles  with  Unequal  Legs 

SiK 

1 

A 

i 

ft 

i 

A 

i 

ft 

1 

«      i 

ii 

i  1  H 

r 

-A  1-1 

Siw 

/xsi' 

6X4 
6X]1 
S  X4 

s  xjl 
i  xj 

4  Xjl 
4  X] 
3iX3 

jlx.1 

3  Xii 

3  X> 

!lX. 

8-7 
8.1 
7-7 
7-1 
ti.6 
6.1 
5-6 
S-o 
4-5 

1 1-7 

10.4 
9.8 
9-1 

8.S 
7-9 

?.i 
6.6 
S-9 

I  s-o 

::: 

11.8 

11.3 

9.8 

9-1 

8.3 
7.6 
6.8 
6.1 

17.0 
16.1 

•S-J 
'4-! 
13.6 

tl.S 
11.9 

94 

8.S 
7-7 
6.8 

19.1 
18.1 
17.1 
16.Z 
15.2 
14-3 
13-3 
li.4 
"■4 
10^ 
9-S 

.8.9 
17.8 
16.8 
iS-7 
'4-7 
.3.6 
i*-S 
II-S 

13.0 

10.6 
'93 
18.3 
17. 1 
16.0 
148 
13.6 
u.S 

.4.9 

21.4 

19.8 
.8.5 
.7.3 

16.0 
.4.7 

i6.8 

:: 

2^.7 
21.3 
19.9 

.8.S 
17.1 
15.8 

18.7 

27.1 

14.2 
12.7 

30.5 
28.9 
27.3 

32.3 
30.6 
.8.9 

7-x3r 

6X. 
6  Xjl 
S  X4 
!  Xj! 
!  X3 
4X3I 
4  X3 
3|X3 
3iX!i 
3  X:! 
3  X  = 
2IX1 

4-9 
4-S 
4-1 

3-7 

..! 

SiM 

( 

A 

1 

ft 

i 

A 

i 

ft 

' 

H 

i 

H 

• 

« 

' 

2A 

'» 

.. 

c.s.,=j  I,  Google 


TABLE  27 
OVEKKUN  OF  Pencoyd  Angles 


Ovcmm  of  Aoaln  In  iDdm                                                                   1 

SiKof 
Antk 

Thidknoi  iD  Inclu* 

Inch- 

ll 

lA 

, 

« 

i 

H 

i 

ii 

1 

A 

1 

A 

1 

A 

i 

A 

i 

8   X8 

6  X6 

1   Xi 

8   X6 

7  X3i 
6  X4 
6  X3i 
5  X+ 
S  X3i 

la 

JIXJ, 
3!X!i 
3  X.i 
3  Xa 
«IXi 
I  Xii 

i 

A 

! 

S 

1 

S 

1 

A 

A 

{ 

A 

^ 

A 
t 

s 

0 

0 

A 

i 

1 

1 

1 

0 

A 

■^- 

1 

! 

1 

A 

1 

A 

1 

t 

1 

j 

i 

^ 

t 

t 

A 
1 

0 

1 

0 

o" 

;;: 

c.s.,=ji,G(X)glc 


OVKRKUN 

OF 

TABLE  28 
Pknnsvlvania  Steel  Co 

Angles 

Overrun  of  Angks  in  tdcba                                                                         | 

s? 

TLfc»«.I.I«h- 

UuImumLovthtiiAa^ 

Inche. 

I) 

lA 

, 

« 

i 

H 

i 

« 

1 

A 

A 

i 

A 

i 

A 

i 

F«t 

8  X8 

5  X6 

s  xs 

4iX4i 

4  X4 
3iXji 

3  XJ 

-m 

2  Xl 

6  X4 
6  X3! 

5  X4 

S   X3l 
S   X3 
+iX3 

4  X3i 

3  XI 

1 

i 

^ 

'f 

1 

f 

f 

A 

A 

A  i 

S6forirtoio5forr 
88  for  1"  to  los  (or  ft 

TO 

70 

70 

70 

3S  for  1"  trso  for  ft" 
SO 
S" 

63  for  li"w  105  fori" 
70 
70 

70 
70 
70 
70 
70 
70 
70 
70 
70 
6S 

1 

1 

i 

1 

1 

i 

Jl 

t 

A 

A 

i 

I 

i 

1 

^ 

1 

S 

1 

s 

i 

J 

1 

A 

H  ■ 
A 
A  ^ 

:; 

1 

i 

? 

1 

A 

A 

1 

c.s.,=ji,G(X)glc 


H 

\l 

I 

4* 

1 

1* 

1 

35 

7 

k 

S 

-4 

TABLE  29. 
Caknbgib  AN(a.ES. 
CAS  AMD  Allowable  Tension  Values  in  Thousakds  of  Pounds. 
Maximum  Fiber  Stress,  i6,Ooo  Pounds  per  Square  Inch. 

Net  Anu  uid  Suene*— Tura  Holts  Deducted. 


ZS.J 


6.94 

S.86 


10.71 
8.)6 


7.78 
7.11 
6.43 


195.8 
18J.7 
171-S 


,76.0 
165.9 

1557 
14,5,6 


84.8 
76.0 
66.9 


44-0 

38.9 
33-8 
28.3 


6.58 
S.87 
5,16 


60' 
5 '63 


ti6.3 
ioS-3 
93-9 


S4-6 


gilizeoDV  Google 


TABLE  29.— ConUimed. 
Cabnegib  Ai«a.BS. 
Nbt  Areas  amd  Allowable  Tension  Valuss  in  Thousands  of 
Maximum  Fiber  Stress,  16,000  Pounds  per  Square  loch. 


Sta. 

ThhA- 

^^ 

I^^. 

KnARUai 

■«ISt™«- 

-One  Hole  Dcdoctcd. 

1 

lIiicUBlveu. 

1  Inch  RIveU. 

llDChRlreU.     1 

Inches. 

Pounds. 

Inchei. 

Stn*. 

Area. 

Indus'. 

St™. 

Inched. 

smm. 

6X6 
6X6 
6X6 
6X6 
6X6 

33-' 

9-73 
9.09 
8.44 
7-78 
7.1 1 

8.85 
8.28 

141. 6 

132-5 
123.0 
113.4 
103.7 

e.96 
8.3B 
7-78 
7-18 
6.56 

'43-4 
1341 
"4-5 
114.9 
105.0 

« 

J7 

7.69 

7-09 

6.48 

ti 

H-a 

'6,64" 

106.; 

6X6 

ft 

»i.9 

6^3 

S-B7 

93-9 

S-94 

95-0 

6.01 

96.: 

6X6 

196 

S7S 

S-H 

84.0 

S-3» 

8S.0 

S-37 

8i.9 

6X6 

ft 

I7-* 

S.06 

4.62 

73-9 

4.68 

74-9 

4-73 

757 

6X6 

14-9 

4-36 

3-9B 

637 

4-OJ 

64.5 

4.08 

65.3 

6X4 
6X4 
6X4 
6X4 
6X4 

17-» 
iS-4 

*J-6 

7-98 
7-47 
6.94 
6.40 

S.86 

7.10 
6.66 

113.6 

1154 
io8.a 

106.6 

6^76 
6.18 

::;:::::: i 

6.19 

S7I 

99.0 
914 

837 

5.80 

92^8 

Bs-o 

I0.0 

5-31 

s-39 

86.1 

6X4 

ft 

■3.1 

S-31 

475 

76.0 

4.82 

77-1 

4-89 

78.2 

6X4 

16.2 

475 

4-*S 

68.0 

4-3' 

69.0 

4-37 

69.9 

6X4 

ft 

'43 

4.18 

J74 

S9-8 

3.80 

60.8 

3-8S 

61.6 

6X4 

12.3 

3.6. 

3-13 

517 

3.28 

S*-S 

3-33 

53-3 

SX3i 

16.8 

4.92 

4*9 

68,6 

4-37 

69-9 

445 

71.: 

SX3* 

ft 

IS» 

447 

3-91 

62.6 

3-98 

637 

4-05 

64.8 

SX3i 

13.6 

4x0 

3-SO 

s6o 

3-S6 

57.0 

3.62 

S7-9 

5X3i 

ft 

3-53 

J.09 

49-4 

3-'5 

S0.4 

3.J0 

51.! 

SX3i 

104 

30s 

2.67 

427 

2.72 

43-5 

a.77 

44-3 

SXji 

ft 

8.7 

i.;6 

2.1S 

36.0 

2.29 

j6.6 

*33 

37-3 

5  X3 

'S-7 

4.61 

3.98 

637 

4.06 

65.0 

4-14 

66.1 

SX3 

ft 

•4-3 

4.18 

3.62 

57-9 

3-69 

S9-0 

3-76 

6as 

S  X3 

12.8 

375 

3.2s 

S2.0 

3-3' 

S3-0 

3.37 

539 

S  X  3 

ft 

11.3 

3-31 

2.B7 

45 -9 

a.93 

46-9 

2.98 

47-7 

5X3 

9.8 

2.86 

2.48 

39-7 

a-53 

40-S 

2-58 

4" -3 

5X3 

ft 

8.2 

2.40 

2.09 

33-4 

2,IJ 

34-' 

2.17 

347 

4X4 

iS-7 

4.61 

3.9S 

6J.7 

4x56 

65-0 

4-14 

66.3 

4X4 

ft 

14-3 

4.18 

3.62 

57-9 

3.69 

S9.0 

3.76 

€o.i 

4X4 

12.8 

J7S 

J-*S 

S2.0 

3-31 

SJ-o 

3-37 

53-9 

4X4 

ft 

ii.j 

3-3 1 

2,87 

4S-9 

2.93 

46.9 

2.98 

47-7 

4X4 

9.8 

2.86 

248 

397 

*-S3 

40.5 

2.58 

413 

4X4 

ft 

8.1 

».40 

2.09 

33-4 

I-IJ 

34-1 

2.17 

347 

4X4 

6.6 

1-94 

1.69 

27.0 

I7» 

17-5 

»-75 

38.0 

4X3 

II  I 

3.1s 

a7S 

44-0 

2.81 

4S-0 

2.87 

4.';-9 

4X3 

ft 

9-8 

2.87 

243 

38.9 

249 

39-8 

»-54 

40.6 

4X3 

8.S 

1.48 

33-6 

»I5 

34-4 

3SJ 

4X3 

ft 

7-* 

2.09 

1,78 

28.S 

1. 81 

29-1 

1.86 

29.8 

4X3 

S-8 

1.69 

1.44 

13.0 

1-47 

33-5 

1.50 

a4.° 

c.s.,=j  I,  Google 


TABLE  29.—ContiiMted. 

CaKNEGIE  AKGLB3. 

Nbt  Akbas  aid  Allowablb  Tknsiom  Values  in  Thousands  of  Pounds. 
Maximum  Fiber  Stress,  i6,ooo  Pounds  per  Square  Inch. 


NetAj 


Hole 


3-98 

3.6i 


S.6S 
2.30 


38.9 

33-6 
»8.s 


36.0 
31.8 

27-7 


.yC0t)glc 


TABLE  30 

Safe  Loads,  in  Tons,  fob  Equal  Lkg  Anglbs 

Ahbkican  Bkidgb  Cohfany  5tandaki>s 


I..HGTH  O*  SPAN  IX   F»                                                                        { 

, 

, 

3 

4 

5 

6 

7 

s 

9        .0      >■  1  » 

8"X8" 

T 

93.493 

46-747 
22.JW 

31.164 
I4.8S0 

»3-373 
11.160 

1:Sl 

"S 

S82 
440 

■s^; 

11.687 

s-sso 

io.388'9.349  8.499V-7O' 
4.960  4.464,4.0^8  i.7:c 

1 

i 

6"X6" 

'i 

*S'707 
i8.8i7 

«-8S4 
9-411 

'& 

11.427 

4-707 

9.141 

1.76s 

7 

3 

61B 
118 

\s 

S-713 
1.ISI 

5.078 
2.092 

t:i; 

4.155  3-K« 
I-7"i-j'« 

s"xs" 

30-933 

iJ-907 

•n?, 

10.311 

^.JOl 

7.733 
3.227 

t'll 

5 

156 

;:c 

3.867 
1-613 

3437 
1-434 

3-093 
1.291 

2.812  2.;7^ 
1. 173  1.0:; 

4"X+" 

t 

i6,os3 
,.600 

IS 

\:u; 

4.013,  3-111 

..400     M20 

* 

676 

•s 

i.007 

•■& 

'■60s  MS9  i-jr 

.560  .5I01  .4'- 

ji"X]i- 

■ 

?:S':S 

':^ 

2.400 

* 

":» 

i.soo 

1.333 

1.200,1.091  LOW 

J"XJ" 

':^ 

1-733 
.400 

..387 

' 

'X 

-990 

.867 

■77o|  ■693I  .630  .;:■: 

.178    .160  .145  Av\ 

.i"x.|" 

4747 
1-333 

a.373|  i.jBj    1.187 
.667I     .444     .333 

-949 
.167 

79' 

.679 
.190 

f4 

■5J7|  -475,  ■4JI    -.'V 
..48I  .133I  .1"    -'1 

.i"Xi(" 

3.893 
1.067 

1.9471  1.298 
.533'    .356 

■973 
.267 

-779 

649 
178 

.ss« 

.487 
-111 

■433!  ■3891  -354   ■}» 

.118,    .IO7I    .097    .0*0 

ii"X!!" 

3.093 
.8  SI 

].S4^.   1-031 
.427:     .284 

■773 

.619 
.171 

515 
142 

.442 

-387 
.107 

■344 
-09s 

■309 

.08  s 

.281   .;s-| 
.078  .071I 

."Xz" 

i' 

*-i33 

-691 

1,067;     .711 

■533 

.427 

3Sfi 
116 
167 
08g 

.305 
-099 

.267 
.087 

.137;   ,213 
-077;   -069 

.194  .t:- 

.063  ■  .Oj': 

irxii" 

A 

-800      ■S33 
.267:     .178 

.400 

.310 
.107 

.□76 

.2CX> 
.067 

.1781   .160 

.145   -'• 
.048   .M 

ii"xn" 

1,013 

-184 

.S07,     .338      .253 
.I92'     .118      .096 

.203 
-077 

i6g 
064 

■us 

.0S5 

:Si 

■043 1  -038 

.092    .Ofi] 

.03;  m 

.rx.i" 

t 

■587 
.161 

:;?;i  :^l  aj 

-117! 
-052 1 

098 
044 

.084 
.037 

-073 

-on 

.065I  .059   .051   -04. 

.029:    .026    ,024    .0" 

il-xti" 

t 

.304 

.152,     .loil     .076 
.107,     .071!     .053 

.061 

051 
036 

.043 
.030 

.038 
.027 

.034|  .030 
.014    .OJI 

X)28   .<>:,■ 

l"Xl" 

i 
.109 

.199;     -1 49      -099 
.149      -07s      -050 

.075 

.060 

ojoi     .043 

.037 
.□19 

■033 1  .029 

.027,  .c;: 
.011   .01:1 

rxi" 

t 

.17G      .0881     .059 
.096      .04B1     .031 

■044 
.024 

-035 

.019 
.026 
.014 

- 

'^t 

.021 

0" 

.010,  .018 

.016   .01: 
.009  .«• 

rxi" 

i 

.1181     .0641     .043 
■069I     .ojs!     .013 

.□32 
.017 

015 

.018 

.016 

.009 

.014   .013 

!oo6   .dc 

i»xl" 

.060'     .030      .020 
.047,    J3I3!    .016 

.015 

.009 

- 

00* 

.009 
.007 

.007 
.006 

.007   ,006 
.005    -005 

.005    .«■■ 
.004   -K: 

l"xl" 

.037 
.029 

.019'      -Oil 

.01s!  .010 

.009 

.007 

.007 
M06 

006     .005 

005]  .004 

■oos 
.004 

.00+  .004 
.0031  .003 

.003   ■^■ 
.003    .OCCj 

pounds  per  square  inch.     The  Safe  Load  lne]udes  weight  of  Angle.     The  Safe  Load  for  Alight  of 
intermediate  thicitneas  can  be  assumed  as  apprOTimately  proportional  to  their  area  or  wetght. 

c.s.,=ji,G(X)glc 


TABLE  31 

Sape  Loads,  in  Toss,  for  Unequal  Leg  Angles 

American  Bbidce  Coupanv  Standards 


sr 

1^ 

Ldigtb  or  Spab  pi  Fwr                                                    j 

, 

■    |.» 

4 

5 

T 

« 

» 

10 

I. 

,> 

8"x6" 

." 

6 

80.586 

40.293  16.862 

1J-7861IS-8S7 

10.147 

16.117 

13.431 
7.918 

"7^ 

10.073 
5-94^ 

S 

8.058 

7.316 

tS 

I^ 

8 
6 

37-706 
ll.s6o 

;;:S 

11.568 
7.510 

l^ 

7.541 
45" 

6.184 
3760 

S-387 

10.498 
1197 

Si 

9.186 

4-189 

3-771 

3-418 

\'£ 

8"Xji" 

. 

g 
1I 

7J-4SM 
16.079 

36-744 

8.03Q 

14.496 

5-159 

18.371 
4,010 

14.696 
3.116 

11-500 

1.679 

r7M 

7-349 
1.6C8 

6.681 
,.461 

6.15c 
1.14" 

A 

a 

"toi 

17.156,11437 
3,900;  i.fbo 

8.S7'* 
I-9,?o 
14.107 
3-947 

6.862 
1.560 
...28s 

1-1^7 

5.7'8 
_i.3_oo 

4-901 

4.189 
0.97; 

3.811 
0.867 

3-43' 

0780 

3.119 
0,709 

1.8;. 
o.65< 

7"X3i" 

/* 

56.417 
15.787 

18.113 
7.891 

18.819 
5.161 

8.061 

1.25'; 

7-OS3 
1-971 

6,170,5.643 

5-130 
1-43^ 

4.70; 

,'. 

13.093 
6.710 

•\% 

7.698 
2.140 

1.680 

4.619 

3.84s 

':g 

2.887 
.840 

2.566 
■747 

'V. 

1.099 
.611 

'iZ 

6"X4" 

6 

41-773 

".J87 

14.157 
6.7,8 

10.693 

8.555 

7.119 
1.169 

6.  no 
1.888 

S347 

fVl 

4-277 

',Z 

\t. 

\ 

6 
4 

17.707 

8.^11 

I'M 

S-901 
2-844 

+-417 
2.133 

3-S4' 
1.707 

1.951 

I-S19 

1.113 

1.067 

.-967 
-948 

'Z 

1-609 
.776 

1.476 

6"X3i" 

6 
It 

41.760 
15.467 

20.880 
7-7" 

13.920 
5.156 

10.440 
1.867 

8.351 
1.091 

6.9to 
1.578 

S-966 
2-209 

5-110 
1-01, 

4.640 
1.719 

4-176 
1-546 

3.796 

1.407 

3-48( 
I.l8<j 

ft 

6 
It 

14.613 

7-307 
2.773 

4-87. 
1.848 

',",& 

1.913 
1.109 

1.+3! 

1-087 

-691 

1.624 
.616 

1.461 

1.318 

i.iti 

.462 

:l 

5 
S 

J6.613 

17-651 

'life 

8.B71 
5.R84 

6.65, 

S.Ji3 

4-43  S 

3.802 

3.317 

si; 

1.66. 

1.765 

'X 

i 

11.480 

8-373 

;:;s2 

4.160 
2.791 

3.110 
2.091 

2.496 
1.675 

i.o8o 
1.195 

\fi 

1.S60 

1.046 

1.387 
.010 

1.148 
.817 

':^t 

1.040 

.697 

S"X3j" 

1 
A 

Jl 
4 

.6.016 
13.440 
10.346 
5.440 

13-013 

6.720 

S.173 
2.720 

8.67s 
4.480 

6.506 
^3_6o 

1.160 

5.105 
1.688 
2.069 

4.338 
1.140 

3-718 
1.910 

3.*!3 
1.680 

2.892 

1-491 

1.603 
1.344 

1.366 

1.16c 

1.724 
.907 

..478 
.777 

■a 

'■1+9 
.604 

I.03S 
.S+4 

-941 

494 

.844 

.4';r 

S"X!» 

H 

S 

13.733 
9.280 

11.H67 
4.640 

7.9II 
3.093 

5913 

4.747 
1.8^6 

3-9SS 
1.546 

3-390 

'■^ 

2.6,7 

'S 

"f, 

1.977 

ft 

5 

10.080 
4.000 

5.040 

3,360 

1.520 

1.016 
.800 

1.680 
.666 

1.440 
.571 

1.260 
.500 

1.008 

s; 

.84< 

<!"XJ" 

H 

ti 

,9.306 

Q,I10 

9.653 
4.560 

6-4331  4.827 
3.040!   2.280 

3.861 
1.824 

3.117 
1.520 

1.75M 
'.301 

I.4l3;i-I45 

1.931 

1-7SS 
.829 

l.68< 
.76. 

ft 

i 

8.213 
4.000 

4..06 

2.738    1.053 
1.333'   i.ooo 

1.64;,   1.369;   1.171I   "-0271  -913 
.8oo[     .666      .S7i|     .500.  .444 

.811 
.400 

.7-<7 
-163 

.68, 
■33; 

Safe  Load  in  Tons  o(  iooo  pounds  uniformly  distributed,  for  maximum  titier  stress  of  1O.000 
pounds  per  square  incli.     Tlie  Safe  i-oad  inciudcs  weigirt  of  Angie     Tiie  Safe  Load  for  Angles  of 
intermediate  thiclmess  can  lie  assumed  as  proportional  I0  tireir  area  or  weight. 

D,t.r.db,  Google 


TABLE  n.—CoHtinuid 
Sapb  Loads,  in  Tons,  fob  Unkqual  Leg  Angles 


Ahekican  Bridge 

Com 

ANY 

Standards 

SiMO*  Amolb 

|5 

LmcTH  OF  Sfan  in  F«»r 

. 

J 

3 

4 

J 

6 

7 

8 

9 

,. 

.,  „l 

1 

4"X3i" 

H" 

"S-573  7-787 
11.26716.133 

IX 

\z 

J-'iS 

2-4S3 

2-S9S 

2.044 

2.225 
1,751 

■947 
.511 

s° 

,.iS8 
I.1S7 

1.416 

le-. 

A 

6.72013.360  ii.140 
;.333|i-667!i.778 

1.680 
1-3.13 

I:^ 

1.120 

.889 

.960 
.768 

X 

■747 
■59! 

.671 
.!33 

;:«? 

«"XJ" 

H 

8.96014.480 '2,987 

3-B»7 
2.240 

3.06. 
1.792 

i-SSi 
I  ■491 

2.187 
1.180 

.913 

.701 

-995 

■:IX 

•:l?i 

1 

5-333 

2.O67 
1.600 

1.77M 

,.067 

■:iS 

1.067 

.640 

.B89 
-511 

.762 

■457 

.607 
.400 

-593 
-155 

■533 

■4«S 

.297 

-Ui 

«"Xll" 

1 

11.627 

nil 

S.»75 

1.907 

2.3^5 
.811 

1.938 
-675 

1.661 

■453 

.291 
■451 

■  ■16] 
.405 

1.057 
.36S 

.</: 

1 

7-413 

3-707 

1.471 
.87, 

l.8iJ 
.653 

1.483 
.521 

1.235 

I.OS91 

.927 
-317 

.824 
.290 

2; 

.6741   .01- 
.2171    .!!■ 

4"Xl" 

i 

7-253 

3.627 
I. oil 

.67( 

L«,3 

1-45 1 
.405 

•i?> 

'X 

.907 
.251 

.806 
.225 

■725 
.201 

.659I    .t<; 

.184'  .1': 

1 

S-OI5 

2.507 
.720 

..67. 
.480 

'■^& 

■SJ 

.83! 

.716 

.206 

.627 
.iSo 

f^ 

.501 
■iM 

.456 

1" 

ji"xj" 

H 

"S 

5.867  J3.911 
4.400  J2.933 

2-933 

'.X 

..9SS 

l.(7« 

1.676 
1.257 

.467 

i^t 

1.17; 

1.067 
.800 

'-■■ 

i 

4.160 
3-093 

2.080  1.387 
1.S47I1.031 

1.040 

.771 

z 

.693 
■!l! 

■594 
442 

11? 

.462 

-144 

.416 
.109 

■37« 
■281 

.897 
.4R0 

■3+4 

Ji"xii" 

ti 

9.867 

^,2RO 

4-933  J3-i89 
2,640 '1.760 

2.467 

1.120 

1-973 
1.056 

'■fs 

1.409 

:S 

.096 
■5R7 

.9M7 

i 

t:?^ 

2.000    1.333 

1.093     -729 

2.800  1.867 
1.013    -675 

1.000 

1.400 

.Hoo 
437 

1.130 

.6W. 
.«i4 

■571 
■312 

-500 

444 

.241 

.400 
■219 

.304 
.199 

:ii;' 

3l"Xl" 

i 

5.6O0 
1.027 

f,l 

.800 
.289 

.700 

.622 

•seo 

■  JOl 

:Sg 

.4'"' 

t 

3-840 
I.IH7 

1.920. 1. 280 
.693 1  .462 

3466  2.3  II 

M'3j_i?4i 
t.6Ko  1.120 
.693     .462 

.960 
^3,47. 
1.733 
^707 
.B40 
.1+6 

.768 

.277 

.640 

.548 
.■98 

.4B0 

427 
.154 

■3«4 
.149 

.349 

■;;; 

3l"XJ" 

A 

6.933 
2.827 

1.3H6 
-'65 
.672 
-277 

1155 

^47i 
.560 
.231 

.990 

■404 

.867 

.151 

.770 
■314 

S 

.6;o 

■357 

■l_ 

1 

;:;s 

.4H0 
.198 

^^1 

■373 
.154 

:;;s 

■305 

■  126 

M-' 

jrxii" 

A 

"S 

1.2S3     .835 
■347     -iS' 

.627 

-171 

-SOI 
.139 

.418 

■358 
.099 

:S 

.278 
-077 

.0691  .061 

or 

]"x=ir 

A 

i 

6.140 

5  547 

3.120;  2.080 
2.773   1.849 

1.560 
1-387 

IJ48  1.040 

.891 

C 

■693 
.616 

.624  .567 

555    -S^M 

7 

j-X.H" 

A 

.U 

6.24013.12012.080 
5.06712.53311,689 

1.560 

1.267 

\if, 

'Z 

.891 
.72+ 

.7B0 
■6-11 

S 

.624 

.507 

.S67 
.46. 

t- 

3"Xii" 

A 

h 

6.13313.067 12.044 
4.173'2-l''7ll-4S8 

1.533 
1. 091 

1.227 
.875 

729 

.876 
.62; 

:?:?' 

.681 
.486 

.613 

-437 

■557 
■197 

f''- 

A 

2.29311.1471  .764 
1.653     .827I  .551 

-S73 
-413 

■459 
■331 

.382 

.*7! 

.328 
.236 

.2871 
■207] 

Ml 

.229|  -io-^ 

.1651 .150 

*'■' 

pounds  [KT  «ma™  inch.     The  Safe  Load  includes  weight  of  Angle.     The  Safe  Load  for  AnglcsOT 

c.s.,=j  I,  Google 


TABLE  3l.—ConUnued 

Safb  Loads,  in  Tons,  fok  Unequal  Lbg  Angles 

American  Bridge  Coufany  Standards 


ji 

LdCTH  0*  Span  ih  Feet 

. 

2 

3 

4 

s 

a 

' 

a 

9 

.0 

II 

12 

3"Xl" 

i" 

S-333 

.667 

:?;? 

m 

1.067 
■501 

3 

.667 

-HI 

% 

-533 

-48s 

,228 

-444 
.209 

A 

;:S 

■093 

.729 

:ig 

■437 
.il3 

:j;i 

.311 

■273 

111 

.219 

.199 

.1S2 

.089 

!j"X!" 

» 

3.733 

.B67 

.127 

in 

■933 
.611 

■747 
■491 

.622 

-409 

■533 

.467 
.307 

:t72 

■373 

-339 

.311 

A 

;;ig 

■773 

-515 

-1';'; 

-3B7 
.167 

.309 

.258 
.178 

:"S 

.193 

'.'ill 

155 

.107 

.141 

.097 

.129 

.089 

.j-x.i" 

A 

^■+53 

I.I80 

.21] 

.640 

.818 
-427 

.(.13 
.120 

-49' 

.2^6 

.409 

:iK 

.307 
.160 

!l42 

■US 
.128 

T,l 

.204 

.107 

A 

■;l£ 

-773 
.400 

i^ 

-3W7 

■\z 

.258 

.114 

■193 

!o8q 

:S 

.141 

.129 

.067 

i 

1 

3 

i!"xij" 

A 

^■347 

-173 

.782 

-S87 
.227 

■.^, 

■391 

•■335 

.293 

.261 

.235 
.091 

:^^ 

■195 
.075 

A 

1-+93 

^67 

.747 

-497 

■373 
■  147 

.299 
.117 

.249 

.Oq8 

.213 
.0R4 

.187 
.073 

.166 
.061; 

-149 
-OW 

.136 

.OiJl 

.124 

■049 

■rx.i" 

ft 

1.117 

:S 

.409 
.117 

.307 

.245 
.070 

.204 
.OW 

.175 
.oi;o 

-'S3 

.044 

.136 

-tM9 

.123 

.01  <; 

.032 

.029 

s 

.i"x.»" 

t 

1.8S0 
1.187 

:^ 

.960 
.462 

.720 

.147 

.576 

.277 

.4to 

.411 

.iqa 

.360 

.320 

.288 

.262 
.126 

.240 

£ 

A 

';?R7 

.6.3 
.201 

.409 

.307 

■145 

:3 

■17^ 

.084 

■1% 

■X 

.123 

:o49 

."xi!" 

I 

A 

1.067 

.907 

.604 

:lg 

.363 

.301 
.178 

.259 

.227 

!ii8 

.181 
.107 

.165 

.097 

ill 

i 

'i 

-693 

.400 

■347 

.2  J I 

■  173 

-139 
.080 

;^5 

.099 

.087 
.050 

.077 
.044 

.069 

.040 

.016 

-058 

•"x.J" 

1 

h 

1.760 

,907 

■4"! 

■5S7 

.440 
.227 

■'£ 

.293 

.251 

In 

-195 

.176 

.160 

,082 

.147 

A 

'I 

.gto 

.480 

.320 
.167 

.140 

.192 

.160 
.083 

.137 
.072 

!o63 

.107 

.o?6 

.096 

.ow 

.087 
-045 

.080 
.042 

i"x>r 

1 

'S 

l,!I7 

■S17 

.6,3 

-aS') 

.409 
.172 

.307 
•  lit) 

■H5 

.204 
.086 

■17s 
-074 

■  153. -"S^ 
.06;    .0!7 

.123 
.052 

.047 

.043 

A 

'i 

.960 
.400 

480 

.320 
■"33 

.240 

.192 
.080 

.160 
.067 

■'37 
■057 

,050  1  .044 

.096 

,040 

.oa? 
.036 

.oSo 
■033 

Sate  Load  in  Tona  ot  a,ooo  pounds  uniformly  distributed,  tor  mairimura  fiber  atreas  of  16,000 
pounds  per  square  inch.     The  Safe  Load  includes  weight  o£  Angle.     The  Safe  Load  for  Angles 
of  intermediate  thickness  can  be  assumed  aa  proportional  to  their  area  or  weight. 

c.s.,=ji,G(X)glc 


TABLE  31.— Conliimed 

Safb  Loads,  in  Tons,  for  Unequal  Leg  Akglbs 

AUEKicAN  Bbiikb  Company  Standards 


js 

Lehgts  or  Sf*m  m  F««t 

■ 

' 

3 

4 

s 

6 

J 

s       . 

.0 

" 

" 

8 

ii-xir 

1" 

; 

960 

.480 

.320 
.169 

.240 
-127 

.192 

.160 

.084 

."37 

.072 

:^i 

:S 

.096 
.051 

:S2 

oSo 

I 

J 

SOI 

.351 

.167 

-s& 

■^ 

.072 

.063 

.015 

.056 
.on 

.050 
.028 

-045 
.025 

04: 

.rxii" 

i 

; 

.907 

■453 

.302 

.227 

.181 

.082 

S 

.129 

"J 

:^ 

.091 

.082 
■°37 

i 

'' 

■*96 

.22q 

.24« 

:;s 

.124 

.ot;7 

.ay) 
-046 

.o!j 
.0,8 

.071 

.011 

.062 

.055 

-050 
.021 

045 

041 

iCXll" 

ft 

1 

.853 
.601 

.426 
,101 

.184 

.213 
.151 

.171 

:o86 

-107 
.075 

-^ 

.085 
.060 

.077 

.055 

.071 
.050 

ft 

I 

:(^ 

.267 

.178 

.izq 

■133 
.og7 

.107 
.078 

.08, 

.076 
.056 

.067 
.049 

.059 

.053 
.039 

.048 
.035 

.044 

,rx," 

1 

\ 

■S6S 

.28, 

.188 

^079 

M\ 

.094 

.081 

.071 

.063 

.056 

.051 

.047 

.02f    , 

1 

■1 

■304 
.171 

;y; 

.0^7 

:^t 

.061 

■s. 

■044 
.024 

.038 

.034 
.019 

,030 
.017 

.028 

Oil 

„"xr 

ft 

■/ 

-432 
.187 

.216 
.001 

■'44 

.Ofi2 

.108 
-047 

.086 

.072 

on 

.062 
.027 

-054 

.021 

.048 

-043 

.019 
.030 
.014 

.039 

_;OI7 
.027 
.013    ■ 

-036 
"^5] 

) 

■.' 

.299 

X 

:SI 

■075 

,015 

.060 
.□18 

.050 
.023 

.043 

,037 

.033 

ii"xl" 

1 

i' 

:V.l 

■'£, 

.08) 

.o6j 

.050 
.026 

.042 

.036 
.018 

Z 

.028 

.025 

.023 

:om| 

.A"XH" 

ft 

H* 

.256 
■1+4 

.IJH 
.072 

:f,i 

:^ 

,05 ' 

.043 
,024 

.□36 

.032 
.018 

.028 
.016 

.026 

.023 

'V'- 

I"X1" 

ft 

1 

.114 
.111 

''^ 

.075 

.056 

oil 

.045 
.□27 

.037 

To 

.028 
,017 

.025 

:o" 

'f° 

:on 

( 

1 

.160 

.OQI 

.080 

■OS  3 
.010 

.□40 

.021 

2i 

.027 

■023 

ou 

.018 

.016 

a 

.007 

i"Xt" 

ft 

i 

,219 

.109 
.045 

■073 

■055 

:SS 

.036 

.031 

.027 

.024 

.009 

!oo8 

.oiS 
00- 

) 

1 

m 

■077 
.012 

.051 

.039 
.016 

.031 

.026 

.009 

.01 9 
.008 

.007 

:S 

:S 

.oi; 

i"xt" 

-09S 

i 

.091 

,Oiq 

•04s 

.030 

.023 
■007 

.DIH 

.006 

.015 
.005 

.004 

.004 

;«3 

.009 

.008 

"^ 

H"xl" 

ft 

? 

;^2 

.059 
.014 

.039 
.016 

loii 

.023 

.019 

.006 

.□07 

:S 

013 

.005 

.005 

.004 

004 

Safe  Load  in  tons  of  3,000  pounds  unifonnly  distribute],  for  maximum  filler  stress  of  16,000 
iwunds  per  square  incii.     The  Safe  Load  includes  weight  of  Angle.     The  Safe  Load  for  Angles  of 

c,s.,=ji,G(X)glc 


TABLE  32. 
MouBNTs  OF  Insbtia  of  Fous  Akgles  wttb  Equal  Legs,  Axis  X-X. 


^r 

.J. 

H«unuortBatla 

ofFcurAncIa, 
All!  X-X. 

^- 



-\ 

Mcuond 

EqwILv. 

BuktoBuk. 

JL 

i 

.rx.." 

r«. 

Thick. 

A"  I    1"    1  A"  1    1" 

A" 

i" 

Thick. 

i"     ft" 

1" 

A" 

i"    1    ft" 

1" 

Are.41. 

Mom 

4.76   1    S.S8 

.^ 

8« 

9" 

A™,li 

l-7«          7-" 

L44 

91' 

...00    1    .1.24 

'i** 

d" 

■nu  of  Inmii  AbDui  Aiim  X-S 

,  ln.<. 

d" 

Mon>»u 

of  InmU  About  Aii>  X-X.  in. 

Si 

17 

22 

27 

31 

3S 

39 

61 

38 

46 

54 

61 

68 

75 

80 

Si 

19 

*S 

30 

3S 

39 

43 

6i 

4* 

5° 

il 

67 

7S 

■83 

S8 

6 

ZS 

33 

39 

44 

48 

46 

II 

73 

82 

89 

96 

61 

It 

30 

37 

43 

48 

S3 

50 

70 

80 

97 

104 

6^ 

33 

40 

47 

S3 

s 

S4 

6S 

76 

86 

106 

"4 

6i 

28 

36 

5' 

58 

71 

58 

70 

82 

93 

104 

114 

123 

7 

3» 

40 

48 

t. 

fi4 

70 

62 

76 

89 

113 

124 

133 

7i 

33 

43 

5» 

69 

76 

67 

Si 

95 

108 

133 

143 

7i 

36 

46 

57 

66 

7S 

8j 

8 

72 

87 

116 

130 

143 

154 

7i 

39 

5° 

61 

71 

81 

89 

77 

94 

I2S 

139 

153 

i6s 

8 

41 

54 

66 

77 

87 

96 

9 

82 

117 

133 

149 

164 

177 

8i 

45 

i! 

71 

82 

94 

104 

9t 

87 

106 

I2S 

142 

"S9 

175 

189 

BJ 

48 

76 

88 

9 

93 

113 

13+ 

151 

169 

186 

81 

S* 

66 

81 

94 

108 

119 

9 

99 

141 

161 

180 

198 

214 

9 

71 

87 

"5 

127 

105 

127 

ISO 

171 

191 

12S 

9 

7S 

92 

107 

123 

136 

10 

135 

158 

181 

223 

141 

9 

80 

98 

114 

131 

145 

117 

143 

167 

191 

214 

236 

2S6 

9 

6S 

BS 

104 

»39 

'54 

UJ 

IS" 

177 

226 

»49 

270 

lO 

69 

90 

110 

128 

147 

163 

II 

130 

159 

186 

213 

239 

263 

28s 

loi 

73 

95 

116 

136 

155 

172 

137 

167 

196 

124 

151 

277 

300 

:s! 

77 

123 

143 

164 

i8z 
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Moments  of  Inertia  of  Fouk  Angles  with  Eqdal  Legs,  Axis  X-X. 
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TABLE  33.— Continued. 
t  Inertia  of  Four  Akglss  with  Unequal  Legs,  Axis  X-X. 
Long  Legs  Turned  Out. 
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TABLE  33.—CvnHnutd. 
T  Inektia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 
Long  Legs  Turned  Out. 
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Long  Legs  Turned  Out. 
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Long  Legs  Tukned  Out. 
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47150 

50701 

54110 

57S78      60875 

88 

25903 

29965 

3+001 

3797+     41867      45658 

49464 

53190      56768 

60408  !  63869 

90 

27140 

31396 

35617 

39789     43869      47844 

51833 

55739      59+89 

6330s  i  66935 

92 

S 

32860 

37290 

41647  ;  45919  1  ;oo8i 

54258 
56738 

583+7 

62175 

66171      70073 

94 

343S8 

38990 

43548  I  +8015     52369 

61016 

65124 

69304      73182 

96 

31021 

35889 

407^9     4549'      S0159  ■  54708 

59273 

637+4 

68037 

71406  1  76564 

98 

31374 

374-S4 

42506  ,  47476  :  51349  '  57099 

61864 

66531 

71014 

75575      79918 

100 

337SS 

3905* 

44321      49504  ,  54586 

59541 
61034 

64511 

69379 

74OS+ 

78811  1  83344 

35164 

40683 

46174      SIS75      56870 

67113 

72186 

77159 

82118  <  86841 

104 

36603 

41348 

48065      53688      59101 

64578 

69971 

75253 

80317 

85491 

90411 

106 

38070 

♦4047 

49994      55843      61579 

67173 

72784 

78280 

83560 

88933 

9+053 

108 

39566    45779 

S1961      58041      641x33 

69810 

75653 

81367 

86856 

92442 

97767 

no 

41092     47544 

53966     60282  .  66475 

72517 

78577 

8+5 1 3 

90116 

96010 

101553 

42646    49J43 

56008     61564  1  68993 

75267 

815S7 

87719 

93639 

99665 

105410 

^   Mo 

meat  of  Inertia  of  Net  Area  -  Tibular  Value  X  N 

et  Area 

+  Gro.. 

Are.  (a 

prox.).               1 

,n,Co()gli 


TABLE  34.— 

ConHnutd. 

Moments  of  Inektia 

OF  Four  Angles 

WITH  Unequal  Legs,  Axis  X-X 

Short  Legs  Turned  Out. 

IF" 

j 

PorlMUUM. 

of  Fdui  AeuHh. 
A>i>  X-S, 

^ ^  4 

Mtuand 
from 

Sbon  Ltaa  Tuntd  Out. 

1 

BxlloBKk. 

JL. 

..-.i 

a«. 

«" 

X  6".  Short 

L^  Turtl«l  Out. 

Thick. 

A" 

r    1    ft" 

1" 

H" 
,6.6. 

i"       1      H" 

39-7«       1       *>-»* 

1"     1    ir 

SJ^ 

A«.,[« 

d" 

M(,ii«i...ofl««i. 

About  Am 

X-X  for  V«loo.  Di«H.c»  B-ck 

»  B«:k  of  Aagla,  In.* 

i61" 

9SS 

1079 

"97 

I314 

1429 

154" 

164s 

"7SO 

1854 

")■>* 

iai4 

1373 

'5*4 

i67S 

I8ii 

.967 

2103 

2238 

2373 

US4 

I418 

»S7S 

1731 

1883 

1033 

2174 

2314 

2454 

S 

15S4 

1759 

1955 

2150 

2341 

tSlQ 

2706 

2883 

3059 

3::'- 

1600 

1812 

2013 

121S 

2411 

260s 

2788 

2970 

3152 

33-: 

12 

1942 

2200 

1447 

2692 

2933 

3170 

3395 

3619 

3842 

4°-=' 

1994 

2259 

2512 

176s 

3012 

3256 

3488 

3717 

3947 

4l« 

H 

1377 

2694 

2999 

3301 

3508 

3891 

4170 

4447 

4724 

49t,i 

»4 

2435 

2760 

3072 

3382 

36B6 

3987 

4»73 

4557 

4841 

5"- 

3 

2860 

3243 

36,1 

3977 

4336 

4692 

5031 

5366 

5703 

60:: 

29H 

J3'5 

3692 

4066 

4433 

4797 

5144 

5488 

5833 

6i« 

3390 

3845 

42B4 

4720 

5147 

SS7i 

S977 

6378 

678. 

71:0 

28i 

3400 

3924 

4(72 

4818 

5254 

5687 

6101 

6511 

6923 

73:0 

?3 

3968 

+501 

5017 

S530 

6032 

6531 

7009 

S 

7956 

841' 

4043 

4S87 

S"3 

563  s 

6148 

66,6 

7144 

8110 

8;?J 

3^i 

4593 

S212 

S811 

6406 

6990 

7570 

8117 

8677 

9130 

97'--.- 

3^* 

4674 

530+ 

5914 

6520 

7115 

7705 

8173 

8833 

9396 

•m^ 

34i 

5265 

5976 

6665 

7349 

8021 

8688 

9331 

9964 

10602 

ii:i- 

S3S3 

6075 

6776 

7472 

8155 

8834 

,0131 

10780 

1140- 

985 

6794 

7580 

8360 

9125 

9886 

10620 

11343 

12071 

,27? 

36i 

6078 

6900 

7698 

8491 

9268 

10042 

10787 

11512 

1226Z 

"57^ 

38i 

6751 

7667 

8555 

9437 

10303 

11164 

1199s 

11814 

13639 

144?- 

381 

6852 

7780 

8681 

I04SS 

11329 

12173 

13004 

13841 

u(r- 

4oj 

7567 

8593 

9S9I 

I'SSJ 

12521 

13456 

14376 

15304 

16:0; 

4oJ 

7672 

87IJ 

9715 

10728 

1171S 

12696 

13645 

14578 

15519 

,6,t. 

4ai 

8429 

9S73 

10687 

11791 

12877 

139S7 

15003 

1603. 

1706a 

ito-: 

+4 

8540 

9700 

10828 

1 1948 

13048 

14143 

16244 

17295 

.S]i| 

•Ml 

93  39 

10608 

11844 

13069 

14274 

15473 

I663S 

17777 

18929 

44* 

9456 

10741 

11993 

13134 

14454 

15668 

1684s 

18002 

19169 

2025^ 

46 

10296 

11696 

1 3061 

14414 

15744 

17069 

18354 

19615 

20889 

211:: 

46 

10419 

11S36 

13117 

14587 

15933 

17274 

18574 

19852 

21140 

4H 

1 1301 

12839 

H339 

15825 

17288 

18744 

20,58 

21545 

12946 

243c* 

48 

11430 

12985 

14502 

16007 

17486 

■  18959 

203  89 

21793 

232,0 

245N 

5° 

"353 

14035 

15677 

17304 

18904 

10499 

2ZO47 

13567 

2510a 

26.W 

SO 

.2+87 

1418S 

15S48 

17493 

191 1 1 

20734 

12290 

13827 

25378 

16''': 

S2 

13451 

15^85 

17075 

.8849 

20504 

22333 

24023 

25681 

27355 

jSo-3 

S^ 

13593 

IS44S 

17254 

19047 

20810 

22568 

24277 

25952 

27644 

-9:5; 

54 

■4599 

16590 

■8534 

2^7 

22357 

24246 

26084 

27887 

29707 

314?= 

54 

14746 

16757 

18721 

22583 

24491 

26349 

28169 

30007 

317Q1 

6 

15793 

17948 

20054 

22140 

24193 

26140 

28231 

30184 

31156 

34070 

S6 

15946 

,8,22 

20248 

223S5 

24428 

26494 

28506 

30478 

31469 

3440; 

N 

Ii,m.ntc 

t  Inertia  of  Net 

\re»  =  T 

"bdarV^ 

ueXNe 

Area  + 

Grow  Are 

a  (appira 

)■ 

I,  Google 


TABLE  34.— Cfm/itiiKd. 


Moments  of 

N3RTIA 

OF  FouK  Ancles  with  Unequal  Legs,  Axis  X-X 
Shobt  Legs  Turned  Out. 

of  foot  Ai»]». 

Sbor,^'&0-,. 

' 

hoD 

JL._.. 

Si». 

8"  X  fi".  Sb«t  Lc(i  Onl. 

Thick. 

A" 

»"          A" 

1" 

H" 

i" 

li" 

V 

ir 

I" 

Ate.,1, 

13- 7> 

aj.00       30.24 

33.M 

36.60 

39-76 

4..M 

4S*» 

W-ce 

31.00 

d" 

MooKmiariDcrda 

AbDut  Axi 

X-X  for  V 

•rious  Duunca  Buck 

»B>ckofAi«Jo,  1».4 

58  " 

60 

17035 
I7194 
18324 
18489 

19360 
19541 

20827 
21014 

21634 

21836 
1)274 
23484 

238S6 
24109 

15699 
25930 

16103 

26347 
18085 
28338 

30465 
30739 

30464 

33079 

35054 

35371 

J4704 
J5029 

36771 
37116 

39577 
39935 

61 

61 
64 

6+ 

19661 
1983 1 
21045 

22347 
22541 
23922 
Z4122 

24975 
25193 

27578 
27818 
29515 
19773 

JOI41 
30403 
32170 
32541 

32696 

31981 
35007 
35302 

35 1 87 
35494 

37677 
37995 

37617 
37955 
40191 
40631 

40093 
40441 
42934 
43196 

41486 
+1857 
+5499 
45883 

66i 

66i 
68  i 
68i 

2J95S 

15550 
*S757 
27232 
27446 

I8S59 
28791 

31538 
3«79! 

33884 

34472 
34753 
36748 
37037 

37398 
37703 
39869 
40183 

40252 
40581 
42914 

4J1S4 

43048 
43400 

45897 
46159 

45874 
46148 

48911 

49298 

48617 
49014 
51838 
51248 

70 
70 
72 

72 

17056 
27156 

28969 
29190 
30759 
30987 

32384 
32631 

34388 
34642 

35766 

36039 
37980 
38261 

39096 
39395 
41518 
41816 

41418 
417+3 
45048 
45382 

45661 
46012 
48494 

48856 

48837 
49111 
S1869 

51155 

51047 
51446 

S5280 

55691 

55164 
55587 
58593 
59019 

74 
80 

28883 
30557 
31279 
J4049 

32838 
34743 
36702 
38715 

3671  + 
38846 
41038 
43291 

+OSSI 
42907 
45330 
47820 

44330 
46908 

fit 

4810I 
SO899 
53777 
56734 

51785 
54800 
57901 
61088 

IK?? 

61937 
65347 

59035 
61477 

66017 

69654 

69980 

73839 

82 
84 
86 

3  5855 
37730 
39641 
41601 

40782 
42903 
45078 
4730B 

45604 

47978 
S0411 
51907 

50377 
S300O 
5569. 
58449 

55079 
57949 
60893 
63909 

660S3 
69359 

64361 

67719 
71163 
74693 

68850 
72445 
76131 
79910 

73390 
77224 
81156 

85.85 

^6^ 

S6038 
90311 

90 

92 

♦3608 
45662 
47764 
49913 

60755 
63491 

61173 
64164 
67112 
70147 

66999 

70161 
73398 
76707 

72714 
83156 

78309 
81010 
85797 
89670 

83780 
87742 
91796 
959+1 

89313 

.01184 

94691 
9917} 

103759 
108450 

98 
104 

52109 

54153 
56645 
S8983 

59263 

6I8I6 

644|'3 
67085 

661B8 

71064 
75043 

73139 
76398 
79623 
82916 

80090 
83546 
87075 
90677 

93629 
97674 

IS 

104508 
108929 
113442 

106804 
114421 
I16I38 
110951 

.13144 

I 18143 

"13H5 
118251 

106 
108 

66284 
68813 

69800 
72569 
7539* 
78269 

84342 
87561 

86275 
89702 
93195 
96755 

105818 

101416 
106487 
110637 
1.4867 

110321 
114709 
119181 
123741 

118047 
122744 
117532 
131+13 

115863 
130873 
135981 
14.186 

133461 
.38776 
14419s 
149717 

114 
tl6 
iiS 

I20t 

71389 
79401 

Stioo 
84185 

87224 
90318 

90843 
94185 
97587 

101049 

IOOJ82 
107B36 

109786 
113817 
117941 
122 129 

119176 

113564 
12803 J 
131580 

118386 
133116 

137385 
142449 
147605 
151853 

.46490 

151892 
157392 
161990 

155343 
161074 
166908 

172847 

N 

foment  of  Inertia  of  Net 

Area  =  T 

abuUr  Va 

ueXNe 

Area  + 

Gro^Are 

a  (approi 

). 

D,t„.n,Co()glc 


Moments  ot 

Inertia 

OF 

FovtL  Angles  wrr 

H  Equal  Legs.  Axis  Y-Y. 

EqulLtE*. 

J. 

BukuBick. 

T 

il 

M 

DiBMC  B>ck  ID  Dick  Id  Incbx. 

II 

Ill 

EHMuwe  Buk  lo  B.ck  b>  lodici. 

In. 

In.« 

0 

i 

A 

J^ 

_*_ 

1 

1 

In.          In.> 

o 

1 

A 

1 

1    1    1       1 

ax2iA 

;s 

2.1 

2-5 

2.5 

2.8 

3- 

3'4 

37 

ii«ixi  4-76 

T3" 

6.S 

6-S 

6.7 

7-3  !  7-9    8.; 

'. 

2.7 

3-3 

3-5 

J-7 

4-S 

r. 

::  ^  5-88 

6.6 

7-8 

8.1 

8.5 

9.2 1  9.9  10.: 

■t 

4.60 

3-4 

4-2 

4A 

4-6 

S-i 

5.6 

7.9 

9-3 

9.7 

ii.o'ii.9  i:.i 

5-44 

4.2 

S-1 

53 

s-s 

6.1 

6.7 

7-3 

"  A:  s:^ 

9-3 

11.5 

11.9 

12.9,14^  IS" 

'»!■', 

S.76 

9.0 

10.3 

0.7 

11,0 

11.8 

12.6 

'3-5 

iixiM\  6.76 

14.2 

6.1 

16.6 

17.1 

I8.I  I19.2    20,-. 

ii 

7.12 

1 1.4 

3.1 

3.S 

:a  ;i:; 

16.0 

17.1 

'■   A,  8.36 

18.0 

20.8  214 '22.7 'Z4.0  :;.4 

i 

8-44 

13-7 

15.7 

6.3 

19.2 

20.6 

1  9.92 

21.8 

24^3 

25.0 '25.7  127.1,28.8  30.; 

?■ 

9.71 

16.0 

.8.4 

9.0 

19.7  Zl.O 

22.5 

24.0 

"    A"-48|2S4| 
i  13.00,29.2: 

8.6,29.5.30.3132.1  34-0  ;6jj 

'. 

1S.4 

"i 

1-9 

22.624.2 

25.9 

27.6 

2.81337:34.7136.8  19.041.: 

"f 

12.24  1  ao.8 

47 

25-6,27.4 

29.2 

31.1 

A  14-48132.8  37.0 138.1:39.2  I41.6, 44.1  46.7, 

13.44  1  »3-3 

26.5 

7-5 

28.5 ,30.5 

32.5I3S-I 

"      *,iS-92  ;36-S  41-2 142.S  437  46.3  ,49-'  S^-^ 

11 

III 

Dlauncc  Bick  to  Back  of  Aagla  In  Incbo. 

Id. 

In.< 

°      1      ' 

ft 

t 

A 

1     A  :  i 

i 

1     I     >      '     ■!         '1 

4x^1 

7.76 

2.-5      2J.6 

24.3 

25.0 

2S-6 

26.3  26.9'  27.4 

28.9 

! 1 

9.60 

16.9  1  29.7 

30.S 

31-3 

32.1 

32.9    33-7    34-S 

36.3 

11.44 

32.3 

35.8 

36.7 

37.6 

38.6 

39-5;  40-Si  41-6 

43-7 

"     1^ 

I3.H 

37.7 

+1.7 

+2.8 

43-9 

4S.1 

46-2    47-4    48-6 

51.1 

15.00 

43.1 

47.8 

40.0 

50.3 

51.6 

S2-9    S4-3     SS-7 

58.5 

"   A  1671  '    49.0 

54.3'  S5.7'  57.1 

58.6 

60.1     61.6    63.2 

66,5 

"    i     18.44      S+-S 

60.5     61.1,  63.7 

65.3 

67.0    68.7     70.5 

74.1 

Sxjxi    14.4+     6Z.7 

i   19.00    B4.0 

68.1  1  69.5!  70.9 

72.3 

73.8     75.3     76.8 

79.9 





79.5 

1   81..  1   82.7 

84.4;  86.1     87.9    897 

93-3 

90.9 

92.8     94.7 

96.7  1  98.6  100.6  102.7 

106.9 

"     h  it-U     94-8 

103.1 

|lOS.2    107.4]  109.6 '111.91114.2  |l  16.5 

121.J 

1  ^3-44  ;  loS-6 

\it', 

117.1, 119.5  ;iz2.o,iz4.5 

135.0 

"  H  25.60' 1 16.4 

129.0,131.6,134.41137.1 

140.0.142.8 

i62!6 

1 17-76 

126.8 

.38.1 

141^ 

143-9  i46-9jiSO-o 

153-01156.2 

, 

6i6ii  1 17-44 

.08.5 



Ii9.8]i2i.8'ii3.9 

125,9   I28.I 

132.4  1  136.8  ■  141.4  1  146.2  1  i;i.O| 

"   A10.J4 

126.5 

139.8  142.2,144.6 

147-0  149.S 
1^8.1   171.0 

•54-S 

159,8  165,2  1707 ,  176-:, 

144-6 

159.8  |i62.s  165.3 

176.8 

182,8 

188,9  1  195-3     20i> 

1  i!-72 

163-S 

180.9,184.0    187.1 '190.3  JI93.5;  2Q0.I 

206.9 

213.9  '  221.1     2jS.; 

128.44 

181.8 

201.2  204.6  208.1,211.71215.3'  222.7 

230.3 

238.1  ;  246.1     1544 

i!  31.12 

221.6:225.4 

229.2    2J3.2    2J7.I  ,  245.3 
251.7256.0260.4     2694 

2S37 

262.3    266.7     27i.T 

1 33-70 

219-6 

243.3  247.S 

278.6 

288.1     297.9  .  307'^ 

■  38.92 

256.6 

284.6 '289.5 

294.4  299-S  304'8    3'S-2 

326.1 

337-2     348-7     Jto-l 

"    I   |44-'» 

294-0 

326.3 

332.0 

337-7  343-S  349-S    361.6 

374-T 

386.9    400.0     413-! 

Sxfii  !  3 1.00 

343-2 



369.8 

374-4 

379.1  3B3.8  388.7    398.5  :  408.5 

418,9    4294     440,: 

iV  34-72 

38S-9 

4IS.9 

421.2 

416.S  431.8,437-31448.4    459.7 

471.3  1  483.2     4954 

_  38.44 

428.8 

4624 

468.2  474-1  ;48o.i  |486^  i  498.S  ;  SII.2 

524.2  1  5374  1  S51.C 

i  41." 

471.8 

508.8 

515.3  521.81528.4  535. 1  i  548.8  1  562.7 

S77.0    591.7     606,0 

45-76 

516.8 

SS7.6 

564.7  571.9  579.2  '586.5  1  601.6 

616.9 

632.6    648.7    66;. 1 

52.91 

603-1 

6S'.i 

659.4  667.9  676.4I68S.1!  702.7 

720.8 

739.2    758.1     777-! 

"    I  j  60.00 

692.9 

'748.4  758.0  767.8  777.7  787.7 1  808.0 

828.8 

850.1    871.8    894.1 

■'  'i 

66.9Z 

780.8 

; J3434  ,854.3  ;86s.4  ,876.6  |887.9    9io-9 

934-5 

958.5    983.1  icoS.; 

Radii  of  Gvration  about  Axis  Y-Y.  Mme  as  given  iq  table  of  Radi!  of  Gj-Mtion  of  Two  Angles. 

D,=;,lz...,C()()g[c 


Hoiuiili  a  Instil 
Louf  L^  TuiBwl  Onl. 


TCZH 

r     1 


1 1 19.68 1 


19-00  I44-8| 

23.44'!"      ' 
\  !S.6o  2 

17.76  2 

31-9*  1 

36/»2 
I  23 -7*  J 

27J30    3 

1,  30*4  3 

\  36.60  4 

39-76  s 

1 45-92  6 
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J-74  ,  3^76  ■ 

3.7s  '  3^77 

3.76  ;  3.78  I 

3>77  3^79 

3-78  3.80 

3^8i  !  3^83 


2.49 

2-S4 

2.i;o 

2-SS 

2.,6 

2-53 

1.56 

2.58 

3.63 

2.97 

3.01 

2.9M 

1.02 

i.W 

3.04 

3.00 

!S 

3.01 

1.08 

',2 

309 

3^09 

1.14 

,.»! 

1^7M 

1.»1 

^■80 

,.», 

3.M1 

,.«( 

,.82 

1-87 

J.go 

3^87 

J.D. 

4.01     4.=- 

4,04     4» 

4-07  I  4-'i 


.  Y-Y  equal  one-half  of  v 


luei  ^ren  in  Tabic  of  Momeou  d 
iiiejJiCiUUgiL 


RADn  OF 

Gyration 

OF  Two  Angles 

WITH 

Unequal  Legs. 

Both  Axes. 

Short  Lbcs  Out. 

rjiSS-              ^~f^^                SS.1SS". 

T     " 

^i 

ui 

X'   1 

A.ii  Y-Y. 

ll 

Ui 

i 

AJ.Y.Y. 

:i< 

Diwuics  Bu:k  to  Dick  in  lncbci. 

DiHuce  B.Qk  »  E«k  In  Incbc. 

Id. 

In.'      <    ! 

0        1 

All       till 

In. 

In.l 

-  1  1  1  ft  1  »  l_Lt J_  1  ' 

.1«<A 

i.6i    .79'  .79!  .8 

.90'  .92    .96,1.01  1.07  3«i*xi 

Tel 

.9Si.oo'i.09'i.ii]i.i3'i.i8'i.23'i-i8 

a.ii    .78'  -So    -8 

3   -g"!  -93    .981-041.091    "   A 
.93    .951.001.051.10;   "   i 

3.14 

.94IOi;mo,i.iii.I4I-I9I'4;'-29 

1.62    .78    .81'  .9 

3.84 

.93  1.D11.11  1.141.161.21,1.16:1.31 

3.10    .77    .Si    .9 

■94 

.96,1.0.  ..o6|....     "    A 

4.44 

.92  1.03  1.12  1.15,1.17  i.ii^i7,i^33 

3.56    .76,  .81    .9 

■95 

.97JI.02  1.07  i.ij 

"     i 

S-oo 

.91  1.04  1.14  1.1611  181.23  i-ao  1.34 

!ii.i.l 

i.88|i.i2    ,9s'ro. 

11.06 

I.09]i.i3'i.i8i.i3 

3ii3»l 

3.i2[i.iili.2o'i.i9'i.3i  i.33'i.38  1.43  1.48] 

i;t 

3.S6i.ii|  .961.051.08 

■■t 

3.B6,i.io;i.22  1.30  1.32  1.3s  i.39,i-H'-49 

4.12  i.io   .97:1.071.09 

4.60 

1.09  1.23 

1.31  1.33  1.361.401.4s  i-so 

::f 

4,86  1.09'  ,98  1.07  l.lO 

'■t 

S-30 

-23 

1-3^  1-34 

1.37  1.41,1-46  1-5' 

S.SOI.09   .99,i-o8|i.ii 

1.13,1.181.23:1.29 

6.00 

1.07 

.24 

i-33i^36 

I -39;  1-43 1 148, 1  S3 

^7M 

3.381.18,1.161.141.17 

1.19  i.34li-38  1.43 

sipA 

4.80 

1,61 

,09 

1.17  1.10 

,  22l..26..3i'i.36 

4.18  1.171.17  1.25  1.18 

I  joi.js  1.391-44 

S.71 

t.6i 

-09 

1. 181.21 

1.231,27,1-31,1-37 

4.96,1.16:1.171.26,1.28 
5-74  i-isViS  1.27  l.*9 

1.31  1-36  1.40  1.45 

"  t 

6.62 

1.60 

i.24i.29i-34,i.39 

■'  i* 

i.32'i,36i4i  146 

7-50 

1-S9 

1.11  1.13 

1.2s  1.30  I-3S  1-40 

.6.soi.2Sji.20,i.28i.3. 

i-33;i-38,i"(3i-48 

8.36 

i.S8 

1.12'..14 

1.26  1.31  1.36  1-41 

"  f" 

7.24lt.24'i.2i  1.30  1.31 

i.35,i-4O,i^45i-S0     "    1 

9-"'i-S7| 

.14 

1.23  1.26 

i.28'i.33  1-38  1-43 

7.96  1.2s  1.22il.3ill.33li.i61l.4l|l-46il-';il    "  +i 

10,06  I, s61i. 15,1.241. 27 

1,291.3411.391-44 

n 

1 

Alii  Y-Y. 

Ubuuicx  Bick  10  Buzk  at  Ancle*  in  Incho. 

Id. 

!=.• 

o 

1 

ft    1     1      1    A 

i     .1    A    1     t 

) 

t  !  ■  !  ^1 

'1 

^'             6.10 

"    i     8.0O 

1.61 

1-33 

1.41 

1-43 

1.46 

1.48 

I  ■SO 

1.51 

I'SS 

1-S9 







1.60 

1-34 

1.41 

1.44 

46 

1.49 

LSI 

I-S3 

1-56 

1.60 

1-59 

'■3S 

"43 

1.4s 

47 

1.51 

!1? 

I-S7 

1.62 

1.58 

1.36 

144 

1.47 

49 

I  54 

..58 

i.6j 

"    A  8.94 

1-57 

1-37 

1.4s 

1.48 

5° 

i-SS 

1-57 

159 

1.64 

1.56 

1.38 

1.46 

1-49 

51 

"■SJ 

1.S5 

I-S8 

1.60 

1.66 

14,10-74 

1.56 

1.38 

1.47 

"SO 

Si 

1:1^ 

I -57 

I-S9 

1.61 

1.67 

" 

11.62 

i-SS 

i^ 

1-49 

I.SI 

S4 

I -59 

1.61 

1.6} 

1.69 

6141I 

7.M 

1-93 

1.50 

1.58 

1.60 

61 

1.64 

1.66 

1.69 

1.71 

1.76 

",f 

8.36 

1.91 

I. SO 

I.S9 

t.6i 

63  !  1.66 

1.68 

1.70 

1.72 

1-77 

9.50 

1.91 

i.Si     1.60 

1.62      1 

6s  ,  ,.67 

1.69 

1.71 

1-74 

1.78 

"    P 

10.61 

1.90 

i.Si     I.6i 

1-63  1  I 

66  '  1.68 

1.70 

1.72 

•-75 

1.79 

11.71 

1.53 

1.62 

1.64    1 

67  1  1-69 

1.71 

1-73 

1.76 

1.81 

;;   i 

U.80 

1.63 

1.66    1 

68    1.71 

1-73 

1-75 

1.77 

1.82 

13.88 

1.56 

1.6+ 

1.67  1  I 

69    1.7a 

1-74 

1.76 

1-79 

\ii 

" 

1596 

1.86 

1.58 

1.66 

1.69    1 

71  1  1.74 

1.76 

1.79 

i.Bi 

18^ 

1.85 

1.60 

1.69 

1.71 

74  ,  ■■77 

1-79 

1.84 

1.89 

8x6iA 

11.86 

*-S7 

2,31 



J 

43     1-4S 

2.47 

1.49 

i-Si 

2.56 

2.61 

2.66 

1.70 

2.7s 

■'    i   >3-So 

1.56 

2,32 

44    2-41^ 

1.48 

2-51 

2.53 

2-57 

2.6l 

1.66 

1.71 

2.76 

;;  A;is." 

^-55 

1-33 

46 

2.4B 

1.50 

2.51 

2-54 

2-S9 

1.63 

2.68 

*.73 

2-77 

16.71 

I-S4 

2.34 

46 

1,49 

i-Si 

2-S3 

2.55 

2.60 

1.64 

1.69 

2.74 

1-79 

;;   i 

18.30 

2.54. 

I.J4 

47 

J.49 

1.52 

1-54 

2-S6 

2,61     1-65 

2.70 

2-7S 

.9.88 

*-SJ 

*-JS 

1 

+8 

2.50 

i-SS 

s-SS 

1.S7 

2.6l  :  2.66 

2.71 

2.77 

2.81 

M.96 

2.51 

2.37 

SI 

2.S3 

i-5i 

2.S7 

2-S9 

2.64  2.69 

1.74 

2.79 

"  I 

26.00 ,249;  1-39 

1 h 

Si 

2-S4 

2.S7 

1.S9 

1.61 

2.66    2.71 

2.76 

2.81 

2.86 

Moments  of  Inertia  xbout  Axis  Y-Y  equal  one-half  of  values  given  in  Table  of  Moments  of  1 

Inertia  of  Four  Angles,  Table  37.                                                                                                                    | 

TABLE  41 
Safe  Loads  op  Single  Awglb  Stsuts 

Equal  Leg  Angles 
AuBiiCAN  Bridge  Coupany  Stamdaxds 


"ASS 

l>[>itl»u«ndso(pouDdi 
ofgyiadon 

p  -  16,000  -  70  1/r 

Ibrlaut 

1 

^. 

To  left  of  Ehvt  li»  vilua  of  Ij^  do  not      , 

To  light  rf  heavy  line  valuta  aHftdoaot      ' 
ciaedijo 

sue 

TWcknew 

Louth  biFMt 

Incba 

Incbx 

3 

4 

5 

6 

7       1      8 

9 

10 

II 

"  :  u  ;  .4  i  .s  1 

liXli 

a  Xa 
aiXal 
J  X3 

3lX3i 
4  X4 

s  xs 

6  X6 

A 

t 
t 
t 

i 
1 

1 

1 

4 

5 
7 

7 
9 

ii 

>7 

i 

J« 
3S 

3' 
37 
4a 
48 

tt 

64 
71 

60 

£ 

1 

4 
S 

1         1 

4 

s 

8 
'3 

;i 

as 

a 

3» 
aS 

34 

39 
44 

46 

II 
67 

i 

93 

. 

s 

I 

7 
9 

;i 

18 
II 

ai 

•d 

a6 
3' 
35 
40 

4a 
4? 

7a 
Ro 
89 

9 
la 
•4 

II 

13 

11 

18 

as 

13 
a? 

39 
4S 

li 

SI 

?; 

iS 

16 
'9- 

i 

3a 

36 

4a 
47 

S3 

1 

11 

1 

IS 

18 

a4 

18 

i 

IS 

4S 
Sa 

8 

73 

i        1 

1 

a4 
»7 
3' 
35 

a? 
30 

30 
35 
39 
44 

4a 
49 

& 

68 

a7 
31 
35 
39 

39 
4S 
51 

JO 

34 
39 
43 
48 

a? 
31 
3S 
39 
43 

36 

4a 
47 

33 
38 

S3 

Not. 
ten*d  by 

:  -The  values  in  this 
both  |eg«.— M.  S.  K. 

tablet 

Mvebc 

tencal 

dilate* 

D,=;,lz.d.,G00g[c 


TABLE  42 
Safb  Loads  (»  Sincx^  An<Xb  Stkuts 

Unequal  Leq  Angles 
Akbricam  Bkidgb  Companv  Standakds 


ndliu  of  lyratloB 

p- 16,000- JO  Vr 

-t 

^^ 

To  Wt  of  havy  line  ™iu«  ot  l,r  do  not 

To  riKht  rf'hBivy  lint  value,  of  1/r  do  not 
a«dlso 

SiM 

TbkkocM 

Ijtuttb  in  ftn                                                          1 

Inchei 

Incha 

3 

4 

, 

6 

, 

8       1      0 

10 

„ 

„ 

I) 

2  Xi| 

A 

1 

( 
} 

1 

! 

! 

i 

i 

s 

8 
13 

IS 

'A 

ZI 

i6 

H 

il 

*S 
30 
35 
39 

JS 

39 
45 
SO 

47 

a 

70 
77 

i 

8 

7 
9 

ziXi 

i 

II 

18 

14 
17 

i 

3* 

a3 
*7 
31 
3S 

30 
3S 

44 

i 
71 

8 

10 

•4 

3  Xsi 

13 
'5 

IS 

17 

18 

24 

18 

13 
»7 
Ji 

17 

;; 

4» 

47 
S3 

S9 
6S 

3ix»l 

13 
IS 
17 
20 

15 

>7 

3iX3 

H 
17 

i 

a4 

19 
33 
37 

37 
43 
49 
S4 
S9 

4  X3 

16 
18 

18 

i 

14 

S  Xji 

»S 
29 
33 

34 
39 
44 
49 
S4 

3 
30 

,0 

6   X4 

30 

3S 
39 
44 

48 

!7 

31 

3S 

■^    ,s 

Note:  The  valuta  In  this  table  have 
teoed  by  both  legs.— M.  S.  K. 

beenct 

Uculate 

DiLiiizod./Goo'^lc 


TABLE  43 

Safe  Loabs  of  Two  Anglb  Struts,  Axis  i-i 

Equal  Leg,  akd  Unequal  Leg  with  Long  Leg  Tuknkd  Out 

American  Bridge  Coupanv  Standards 


I 

1 

""^  p~  16^'-  70  Ut                                       ^if 

To  light  of  Wvr  Out  vBliH  of  1/r  do  not 

I 

11 

II 

■81 

r 

La«U>l>F«t 

[n.      1  In. 

lo. 

Lb. 

In.' 

6 

J 

g 

g 

ID 

II  III 

13  !  14 

15 

16 

17 

18 

19 

» 

>I 

aa 

J3      2i 

.IXil 
)  XI 

3  XJi 

3  X3 

3lxi! 

3lX3 

3iX3! 

4  X3 

A 

i 

A 

A 

I 

A 
i 

! 

i 

1 

! 
1 

! 

1 

.98 
■99 

1.14 

"A 

1. 19 

'■5^ 
'■S3 
i-SS 

3 

'-39 

1,40 

1.42 
1.44 
1.71 
'■73 

\u 

1,77 
1.66 

\Z 

1.70 

1.60 
161 

..63 

■  54 

1-93 
t.94 

5.0 
6.4 

S.6 
7-* 
9.0 

8.2 

8.2 

9.0 

IJ.2 
9.8 

IS 

18.8 
9.8 

IS 

i8.g 
13.1 

20.+ 

144 

17.0 
19.6 

14.4 

17.0 
19.6 

27,. 

'■44 

1.88 

1,62 
1.12 

2.62 

2.38 
2.94 

2.38 
2.94 
3.46 
1.62 

i-H 

3.84 

2.88 
3-S6 
4.22 
4.K 
!.!0 
1.88 
1.56 

tS6 

3.86 
4.60 

t$ 

5  74 

6.50 

\i 

6.50 

16 

'9 

»S 
32 
28 
3S 
30 
37 
44 

33 
4' 

48 

36 
44 

« 

38 
47 

72 

g 

6, 
78 

^; 

74 

84 

& 

77 
87 
97 

14 
19 

18 

24 
30 

26 
33 

;i 

42 

3' 

39 
46 

34 

42 

S° 
58 
66 

:: 
& 

70 
48 

7S 

1; 

7> 

St 

11 

94 

104 

'3 

17 

'7 
23 
28 

25 
3' 

27 
34 
40 

30 

J7 
44 

J2 

40 

47 
5S 
62 

3S 
43 
S' 

46 

72 
49 

8 

77 
72 

82 

91 

16 
16 

26 

23 
29 

26 
33 
J8 
28 
JS 
42 

^? 

45 

S^ 
S9 
33 
4' 

49 

1; 

44 
S3 
61 
69 

47 

I5 

74 

& 

70 

79 
88 
97 

1  + 

9 
'3 

8 

"is 
19 
16 

14 
iB 

;i 

9 

11 

1       . 

, 

13 
'7 

IS 

28 
33 

24 
29 
35 

iS 
31 
37 
43 
49 
29 
36 
43 
SO 
57 

J2 
S 

41 

48 
l'> 
64 

45 

a 

87 

3        9 
3        S 

3  J 

4  7 

3  3 

4  0 

4  6 

5  3 

3  1 

4  8 

4        S 

i    ', 
\    % 

i  \ 

4        3 

i    5 

7       7 

16 

17 

n 
18 

27 
18 
23 
27 
32 

}7 

,6 

20 
23 
16 
20 
14 
17 

2S 
29 

33 

14 

iS 

22 

1^ 
.22 

1 

26 
]' 

28 
33 

23 

29 
35 
40 
46 
28 
34 

4*5 

54 
36 
44 

% 

;i 

53 
61 

43 

& 

68 
76 
84 

25 

29 

26 
31 

27 

\l 

+3 
26 
33 
39 
4S 
5' 

3  + 
41 

4« 

54 

36 
43 

SO 
57 

49 

% 

73 

1? 

17 

■9 
24 
29 

2S 
30 

^ 

2S 

3' 
37 
43 
49 

32 
39 
45 
52 

34 

47 

40 

47 

& 

70 
77 

17 

1 

...... 

30 

il 

26 

1 

27 
32 

37 
43 

27 
33 
39 
44 

'9 

24 
29 
34 
38 

»5 

JO 

34 
40 

*S 

r« 

40 

iS 

27 

\i 

23 

27 

37 

16 

^S 

29 

33 

23 
29 
35 

"i 

30 
37 
42 
49 

]i 

4S 
5' 

J8 
45 
S» 
59 
67 
74 

2S 

^i 

44 

34 

*? 

30 
35 

% 
36 
43 

i: 

70 

37 
31 

"'\" 

.,,....  .     1 

29 
34 

33 
37 

29 
34 
40 
45 
SI 
57 

*7 
32 
37 
43 
48 
53 

25'=? 

30  :S 

35 1  y- 
401,57 
45,4: 

5°   47 

4 

I 

7 
8 
94 

7 
6 
5 
3 

90 

34 
4" 
47 
54 
61 
67 

32 
39 

4S 
51 

30 
3« 

JS 

c.s.,=j  I,  Google 


TABLE   43.—ConliHtud 

Safe  Loads  c*  Two  Anglb  Struts,  Axis  i-i 

Equal  Leg,  and  Unequal  Leg  wttb  Long  Leg  Tukhbd  Out 

Ameucan  Bridge  Company  Standards 


Safe  load!  Id  thounnd*  of  [Oiudl  with          ,.^ 1. ^_,        To^Wtof  heayy  line  ™l«.  o(  Ifr  do  not 

"^?^6^-,ol/f                                     ^^              To^rUWMi«yU„,v^„«<rf,ftd<.«« 

1 

1 

Pi 

So  -gl 

i 

LawthinFeM 

s 

>-« 

tn. 

fa. 

In. 

Lb. 

ln.t 

6 

J. 

B 

■1. 

.0 

.1,1, 

„|„ 

■6  j  le 

30 

»     24 

^ 

38 

JO 

33    M 

36 

4X4 

t 

t 

1. to!  16.4 
1.81 19.6 

i.83!w.6 
1.84  2S.6 

1.47. 16.4 
1.48.19-6 

1.49-11.6 
i.SOiJ.fe 

4.80 

iS 

7-5° 
(.Bo 

lil 

7-SO 

63 

76 
88 
99 

93 
104 

6, 

•1 
6S 

90 

S9 
70 
81 

93 

% 

88 

89 

61 

74 
86 
97 

it 

SI 

61 

72 
84 
9S 

11 

11 

59 
70 
81 
92 

g 

79 

s 

79 
90 

48    45 

4' 

49 

11 

7' 
80 

36 
44 

15 

32 

38 

45 
52 

28 

- 

S 

75 

56 
66 
77 
87 

54 
7» 

n 

75 
85 

33 
39 
4S 

... 

34 
48 

a 

35 
41 

3' 

37 
44 

SO 

11 

44 

5' 

28 

33 

39 
45 

18 

% 
4S 

SX3 

47 

44 

41    38 

49    45 

S..8 

75 

70 

6S    " 

60 

SX3! 

^ 

14-0 
27.2 

11 

i 

109 

68 

93 

66 
79 
91 
103 

89 

62 
98 

60 

72 
84 
95 

S9 
70 
81 
92 

79 
89 

11 

74 
8+ 

SO 

46 

1; 

41 
S' 

1? 

78'  J- 

1.44 

30-4 

8.94 

125 

119 

"S 

109 

105 

103 

94 

88:  Bi 

75 

69 

6J 

g 

1,45 

33-6 

9.84 

'37 

134 131 

127 

114 

114 

10+ 

97!  90 

83 

76 

70 

H 

z-46 

36.6 

10.74 

ISO 

>  46, 143 

'39 

"35 

132 

128 

124 

"4 
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TABLE  48. 
Elbubnts  of  Caknbgie  Unequal  Tees. 
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TABLE  49. 
Eleuknts  of  a.  5.  C.  E.  and  Light  Rails. 
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TABLE  51. 
Eleubhts  of  Carnegie  Bulb  Akch-es. 


") 

D._PU. 

wt. 

z 

FhllBe. 

Thick- 

z. 

Alls 

-I. 

/ah 

«. 

I 

r 

5 

> 

1 

r 

s 

y. 

In. 

Lb. 

In.' 

In. 

In. 

In.< 

to. 

In.' 

In. 

lD.< 

In. 

In.' 

In. 

10 

9-41 

0.62s 

1 16.0 

21.6 

4.62 

6.2 

0.8j 

10 

J.500 

0.484 

104.2 

1-06 

19.9 

4-7S 

5.0 

0.72 

9 

6,41 

0.438 

69-3 

3.33 

4-3 

IS 

0.72 

19-3 

i;.t* 

3.500 

0.406 

48.M 

2.9S 

II.7 

3. Ml 

3-7 

>-3 

071 

7 

3,000 

0.500 

1.51 

Ut 

2.9 

1-3 

7 

18.1 

S-37 

2-^6 

7 

4-71 

3.000 

0.344 

32.2 

8.7 

1.30 

»7 

0.72 

17-1 

3.000 

O.JOO 

23.9 

2.5 

0.71 

15.0 

4-lM 

3-000 

2. 19 

'.^ 

2.3 

0.72 

1.0 

0.69 

n.8 

3.000 

6.6 

1.9 

0.69 

0.82 

0.65 

124 

1.62 

3.000 

0-313 

S7 

2.71 

0.70 

0-75 

0.64 

0.9s 

0.49 

O.S7 

4 

14-3 

4.21 

3-500 

0.500 

1.44 

37 

1-6; 

3-9 

'-5 

0.99 

1 

07 

.■.■X> 

oog 

c 

TABLE  52. 
Elbuemts  of  Carnbgib  H  Beams. 
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TABLE  53. 
Caknegie  Trodgh  Plates. 
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The  raluei  given  in  above  tablei  are  the  safe  loads  per  a 

quare  foot  of  floor  surface  and  arc 
distance  a. 

based  upon  the  average  reBistarce  of  the  riveted  portion  within 

The  weight  of  the  platei  are  included  b  the  «afe  loads  a 

d  must  be  deducted  to  obtain  the 

Safe  loads  for  other  fiber  stresses  than  those  given  in  tabl 

may  be  obtained  from  the  values 

given  by  direct  proportion  of  the  fiber  stresses. 

vet  heads  or  other  details. 
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TABLE  54. 

Carnbgie  Coksdgated  Platbs. 

=%. 

sr^TV 

M 

r-\4¥ 

'^^'\A^.^ 

1 

Elbhents  op 

Corrugated  Pistes. 

Sbwle  SectioD. 

Riveted  Sectloa. 

SecCloa 
Index. 

aie. 

*H" 

iDd^ 

,0^. 

-£^ 

Ok  Fax   1 
Widtli. 
IsdB-. 

M3S 

UAX 

i 

»3-7 

12A 

>i 

»3-3 

4.39     '1 

M34 

"AX 

H 

10.S 

i»A 

»« 

104 

3-84 

M33 

i^Ax 

i 

17.8 

i»A 

ii 

I7-S 

3.28     ,1 

Mja 

8i    X 

( 

12.0 

8i 

If 

16.S 

1-95      ■ 

M31 

8i    X 

A 

[0.1 

81 

lA 

13.8 

i-SS 

M30 

8i    X 

i 

8.1 

8i 

li 

ii.S 

MO 

Allowable  Uniform  Load  in  Pounds 

PER  Square  Foot. 

Feet. 

Fiber  Stnss,  iCaoo  lb.  per  aq.  Id. 

Rber  Stam.  ■».«»  lb.  i>er  aq.  In.             | 

M35 

M34 

M33 

Msa 

M31 

M30 

M35 

U34 

H33 

M31 

Ujl 

Uy> 

1873 

1638 

1400 

832 

661 

469 

I40S 

1219 

1050 

614 

496 

3i! 

1301 

II38 

971 

S78 

459 

326 

976 

853 

719 

433 

344 

m  1 

956 

836 

714 

*1S 

337 

440 

717 

617 

536 

3.8 

153 

.^ 

7J2 

6*o 

S47 

31s 

*58 

183 

549 

480 

410 

244 

194 

138 

578 

S06 

«2 

2S7 

204 

14s 

434 

379 

3*4 

193 

153 

ID? 

468 

410 

350 

108 

.65 

117 

35« 

J07 

261 

156 

124 

BS 

387 

339 

zSg 

m 

137 

97 

290 

*S5 

217 

129 

103 

73 

3*S 

184 

H3 

'44 

"S 

Si 

144 

213 

181 

108 

86 

61 

*77 

HZ 

107 

113 

98 

69 

208 

182 

iSS 

9» 

73 

SJ 

»39 

S09 

179 

106 

84 

60 

179 

157 

'J4 

80 

63 

45 

w8 

tSi 

156 

93 

74 

5* 

156 

137 

"7 

6q 

S> 

J9 

The 

baaed  upt 

The 

given  by 
The 

values  given  i 
n  the  average 

weight  of  the 
mposed  safe  lo 
oad»  for  othe 

dirert  proponi 

weight  per  Bqua 

above  tables 
resiiUnce  of  th 
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fiber  stresses 
n  of  the  fiber 

are  the 
ded'in^ 
hin  th 
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safe  1 
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thesa 
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ads  pe 
e  loads 
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sauare  foot  of  floor  aurface 
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plice  bars,  rivet  heads  or  othe 
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TABLE  55. 
Buckle  Platbs. 

AllBKICAN  BSIDGB  COUPANY  STAlfDASD. 


lUdU  «(  BucJde. 


EndPbuiaet      Fillet* 


6-  8| 


3-loi 

r.t 
El 


34 


'-'ft 

8-  li 


»-  ■! 


Ji 


,  3' 

■  a 

SB 


I  El 

'  S-E2 


111 

>, -52-3  3 


Plate,  are  steel  J",  A".  !"  ot  A"  thick. 

PUl<«  of  greater  length  than  given  in  table  may  be  made  by  splicing  with  bare,  angles,  or  t 

All  plates  are  made  with  buckles  up,  unless  otherwise  ordered.  When  buckles  are  turned  down, 
a  drain  hole  should  be  punched  in  the  center  of  each  buckle  and  should  be  shown  on  sketch. 

Buckles  of  different  aizes  should  not  be  used  as  it  increases  the  cost  of  the  plate. 

Connection  holes  are  generally  for  |",  )"  or  J"  rivets  or  bolls.  Different  sized  holes  in  san 
pUtc  will  increase  the  cost  of  the  plate. 

Spacing  for  holes  lengthwise  of  plate  should  be  in  multiples  of  j"  and  should  not  exceed  la' 
Odd  spaces  to  be  at  end  of  plate  and  in  even  }".     Minimum  spacing  crosswise  4)",  usually  6". 

Die  number  must  be  shown  on  drawings. 

Sketches  for  Buckle  Plates  should  indicate  allowable  overrun  in  length  and  width. 
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TABLE  56. 
Pkopertibs  of  CoLtniN  Seciioks. 


Prop«tl«of                                  ir    !      Jl 

MiDlmnm 

for  Web. 

*HD    11. 

— 

SuuralL 

Web 

UDUKDUof  In«tlaaiid 

Web 

Mo 

Beam. 

Radu  of  Gvration. 

Beam. 

Kadii  ol  GyntioD 

1 

i 

1 

1 

AJd.A-A. 

AxliB-B. 

1 

i 

Ana. 

A<i. 

A-A. 

^...   1 

Ia 

r* 

I. 

TB 

Ia 

'A 

ta 

Lb. 

S 

Lb. 
IS 

In." 

In.< 

In. 

In.' 

In. 

In. 

Lb. 

In.' 

In.* 

In. 

In.< 

In. 

10.07 

248 

21 

21.05 

249 

4.8 

a-; 

i', 

2S1 

1-17 

528 

4-H9 

11 

11-5 

24.00 

254 

1-25 

S-73 

10 

18 

11.V7 

272 

1-44 

1«7 

4.11 

274 

1.18 

494 

30 

ij.oi 

27s 

l-li 

4-<)7 

3I-S 

3-11 

91S 

t; 

» 

15-91 

297 

1.18 

4SS 

4.19 

16.89 

298 

1-11 

576 

4-6l 

-IT 

1? 

iH 

27.')5 

Ji^/_ 

717 

3'-S 

29.M4 

1050 

5-93 

10 

a5.Sq 

6n 

12 

17.78 

1-98 

941 

S.82 

li."; 

■1 

4* 

J  1.00 

% 

1-79 

1552 

7.07 

55 

14-4'; 

453 

1-61 

2373 

8.30 

4: 

33.06 

471 

1-78 

16S8 

55 

36.51 

478 

,.62 

205 

8.38 

,.06 

40 

IS 

4* 

552 

1-91 

18B4 

7.22 

SS 

39.61 

SS9 

1.7b 

2841 

8.47 

32.33 

890 

828 

5-06 

12 

891 

1206 

4^ 

IS 

43 

17-44 

4-8q 

'953 

7.12 

55 

40.89 

90s 

4.70 

2939 

8.48 

45 

i5 

-ii-aq 

919 

(.21 

S-o>) 

31-S 

35-74 

911 

S-07 

1274 

8-S3 

45 

II 

41 

q26 

4-K7 

1054 

Si 

41.41 

933 

36.79 

,8.68 

976 

1408 

6.04 

g 

M 

+1 

41.90 

98 1 

4.84 

2254 

7-n 

SS 

45-15 

988 

4.67 

3360 

116? 

44.60 

1228 

iB 

4i_ 
T-l 

47.M2 

5-07 
6.24 

7-43 
6.03 

"^ 

51.27 

1239 

8.7: 

5S 

41.11 

1601 

1496 

42 

44'34 

1606 

6.02 

1388 

7-35 

55 

IS 

55 

4779 

161Z 

S.81 

3552 

50.94 

1619 

^^ 

9-44 

44-56 

Itfll 

6.ifi 

.6s2 

6.0q 

^5- 

47-78 

55 

11.21 

1705 

5-77 

3879 

8.70 

54.18 

1711 

5.61 

4943 

9S3 

f; 

47-5° 

6,09 

1789 

6.12 

42 

50.72 

1778 

7-47 
9.60 

6S 

55 

17«4 

^a 

8.77 

65 

S288 

i«5» 

6.ig 

51-66 

18S7 

5-88 

iK 

57- 1 1     1864 

S-71 

6.81 

4451 

8.84 

65 

.871 

Q.66 

ta 

6S 

S0.6+ 

1360 

6.60 

4.16 

8,72 

f-s 

57-24 

2167 

6-41 

5^34 

9.0 

61.48 

1181 

6.11 

7870 

11.31 

70 

15 

1? 

1454 

2997 

55 

S7-11 

70 

6.40 

55B6 

0.61 

64.50 

2481 

8161 

11-39 

75 

15 

4» 

2552 

3203 

7.';2 

SS 

60.05 

2559 

4692 

~u 

5i_ 

4» 

2^66 

6.17 

l?8i 

88,  r 

1146 

go 

11 

59.11 

4190 

8.42 

3329 

7-SO 

5S 

62.57 

4197 

g.iS 

4872 

8.82 

^1 

65.72 

4104 

8.fX) 

4219 

9"7J 

11-45 

M^ 

62.48 

4351 

8.1  q 

156. 

4158 

8.11 

8.87 

M^ 

b5 

654K 

4180 

90 

M 

42 

6S.41 

4493 

8.2Q 

1767 

7.^ 

SS 

4499 

54H1 

8.91 

05 

71.02 

4506 

68TI 

9-7K 

76.16 

10207 

11.56 

41B7 

7.W. 

100 

<'S 

77.88 

4789 

7-«4 

7597 

9.B8 

u 

80 

8l.t2 

4804 

7.6S 

11193 

Heav 

erweb 

table,  may  b 
y,  from  value 

e  lubau 

utedfa 

r  lubtr 

of  inertia  of  given  beam,  respective 

?,vfn 

n  tab 

e..nd 

ddiDg 

Kjnding 

iroperties  of  new  beam.    The  radii  0 

ar=  ■ 

l^  A. 

TABLE  57. 
Pkopbktibs  of  Column  Sections. 

S^ 

f 

Taia^Out. 

jJ^S 

B 

? 

c^ 

Total 
Area. 

MomeD 

Web 

nei. 

Gaces. 

AzisA-A. 

Ai1bB-B. 

Wdsht. 

DlMana  [nndf  to  liuide 

of  Webs  fo 

Depth. 

4l 

si 

6) 

..|.. 

Ib    I     '■ 

..  i ,.  1 .. . ,.  i  . 

, 

h 

Id.     '     Lb.     1     ln.> 

In.'  1    In.        In.'  j    In. 

In.-       In.    ,      In. 

In. 

In. 

In. 

7     1    9-7S  1    S'TO 

S!S 

43  1  2-73 
SI  1  *.6S 

S9 

71 

3.W 
M4 

79  i  3-71 

9.^  1  3-64 

6i 

yj 

I 

\^ 

s 

+i 

Si 

8       II.2S 

!6.70 
[8.08 

6s  '  3.10 
71  1  1.9B 
80  li-eg 

47  2-65 

S3     2,S7 

.57     iAH 

61 

66 

76 
82 

2.94 

88  ;  3.6J 
102    3.55 
ml  3.43 

i 

1 

!, 

7i 

8i 

?    1  I3-JS  i    7.78 
"     1  15.00      8.8i 
"     1  20.00  1  11.76 

95 

3-49 
3-4° 

98  j  3-SS 
106    J.47 
131  1  3-34 

127 
"38 
172 

4.04 

160  1  4-54 

i 

6 

7 

8 

\? 

15.001  8.91 

».oo    11.76 
ij.oo  !  14.70 

134 

1% 

107 
129 
150 

3-46 
3-31 

r+o 
170 
199 

3-95 

176    4.44 
117    4-29 
256    4.17 

M 

J 

8 

8 

9 

10 

'.? 

20.50  '  11.06 
15.00    14.70 
35.00  1  20.58 

156 1 4.61 

18I     4.,J 
3S9  1  4.17 

140     4.47 

281     4.37 

_3S3     4-14 

9i 

196  1  4.96 
348  1  4.87 

441  ;  4.63 

358 ;  S-4S 

42J  1  S-j6 
.S4"  '  S-"3 

1  IMI  I 

lOj 

iii 

IS 

33.00 
45-00 
SS'OO 

19.80 
16.48 
31.36 

6=5 

S.62 
S.32 
5.16 

IS 

7S8 

:i 

646 
796 
920 

5.68 
5.48 
5.33 

109S 

6.18 

il 

li 

t 

i 

The  tabic  given  above  is  intended  to  >i 

complete  table.    The  properties  of  section 

Example. — Required  the  properties  of  s 

limed  out,  Si  in.  back  to  bacli.     Distance 

From  Table  —  Area  =  8.92  in,'. 


ve  only  ai  a  guide  in  the  choice  of  sections,  and  not  as 
not  given  in  table  may  be  found  as  follons: 
ection  consisting  of  2  [s  10  in.  at  15  lb.,  laced,  with  flanges 
naide  to  inaide  of  web  =  8i  +  i  -  8i". 


y  in  Table  19  -  133.8  in.*;  r^  =  -^I^  -i- A  ^  V133.8  -!-  8.92  -  j.87  in 
y  in  Table  19  =  207.0  in.'j  fg  -  V/^  -i-  J  "  V207.0  +  8.92  —  4.B1  in. 
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TABLE  58. 
pKOPBKnts  OF  CoLUUN  Sectiomi. 


TiwCliMmeliliCBd.                        ^"Il r — ' 

i 

-f 

tSsi. 

Chuudi. 

Tottl 

Momenta  <^  lnerd>  uul  R>dll  of  Gmtioo.                                        | 

AlkA-A. 

Aili  B-B.                                                        1 

DMwce  Buk  to  Back  of  Chuutdi  la  iDdw* - 

b. 

Depth. 

W(. 

Tt 

"1 

9t 

.01 

Ill 

Ia 

TA 

In 

»■ 

In 

rn 

'■ 

rn 

I>      '     r. 

In. 

Lb. 

la.' 

In.' 

In. 

In.' 

In. 

U.' 

In. 

In.« 

In. 

In.. 

In. 

In..     1    in. 

7. 

9-7S 

S,-7o 
7.10 

42.2 
48.4 

1.73 

60.S 

3.26 

So.i 

102. 1 

3-75 

101.7 

:.» 

I18.I 
163.9 

V^ 

156.3  1  S-»4 
198-7  1  5.17 

7i 

i 

9i 

lOi 

..1 

!     Ill.lJ 
"    Ii3-7S 

6.70 
8.08 

646  1  3' 10 
71.0  1  i.98 

70.213-14 

93- I     3-73 
"3  3    J-74 

119.41  4-S» 
l45-»l4-a3 

"49.01  4-7» 
.8l.ll4.7j 

,82.01  s." 
121.0!  S-I3 

i.    _ 

9) 

loi 

■l» 

.1* 

^ 

13-»S 
13.00 
10.00 

7.7M 
8.S1 
1..76 

94.6 
101. S 
111.6 

3-49 

3.40 

106.8 
162.9 

J-70 

3-7* 

137.1 
156.5 
108.9 

4.20 
4.21 

171-2  1  4.69 
195-4   471 
260.8  1  4.71 

ao9.3 
238.7 
318.6 

5.18 
5.20 

381.3 

S.6Ji 
S.70 
5-70 

9) 

lOi 

"1 

i.t 

I3l         1 

'.? 

15.00 
M.00 

14.70 

133-8 

Vi;i 

i;s-3  4-17 

207.4  4-M' 

157.5  418 

oi 

194.1 
259.0 
321.9 

4.68 

237-6 
3"6-S 
393-7 

i.,6 

5:;i 

.Bs4 
3799 
471.8 

S.66 

5.68 
5.67 

337-7 
449-2 
5S9* 

6.15 
6.18 
6.17 

.1 

I 

•i 

Ui        1 

:: 

JO.SO 
ij.oo 
30.00 
1!.oo 

11.06 
14.70 
17.64 

2o.,e 

'.re 

4.61 
4.43 

4,28 
4'7 

257-1 
316.3 
379-3 
+39-0 

4.61 
4.54 
4-63 
4.61 

314-9 

387-» 
464.4 

S37-9 

S-i> 
S-'3 
5-13 
S-" 

1:1? 

44«.7 

766.6 

6.10 
6.12 

6.1Z 
6.10 

771-5 

S96.+ 

6.6: 

6.60 

Hi 

.       i3i 

Hi 

■  i 

i6i       1 

■? 

33 -oo 
3S-O0 
40.00 
4S-M 

19.80 

20.59 

l6!48 

61S.1 

640.0 

695.0 

7S0.1 

5.62 
F.S7 
S-44 
S.3» 

6oS-9 
630.7 
711.7 
810.6 

5-53 
S-S4 
SS4 

S-S3 

7.8.9 
748.1 
856.2 
961.9 

6.03 
6.03 
6.02 

J002.4 
1 116.4 

6.51 

6.5. 

6.SI 

974-S 

1 1 60.4 
1304-1 

7.02 
7.01 
7.03 
7.01 

1 1 17.2 
1161.6 
1330.1 
1495-1 

7-51 
7-53 
7-5^ 

The  table  given  above  is  intended  to  lerve  only  ai  a  guide  in  the  choice  of  sections,  and  tmt  is  a 
complete  cable.     The  properties  of  sections  not  given  in  table  may  be  found  as  followi: 

Example  1:  Required  the  properties  of  a  aection  consisting  of  ifs  10  in.  at  1;  lb.,  laced,  with 
flange*  turned  in,  loj  in.  back  to  back. 

From  Table  14,  Area  =-  8.92  in.».  

Iji  "  Ix  from  Table  10'  -  133.8  in.*j  r^  -  V/^  -f-  A  -  'V133.8  +  8.92  -  3.87  in, 
Ig  ~  ly  'rom  Tabic  lO  -  194  1  in.'j  r^  -  V/^  *  jf  •=  V194.2  +  8.9a  »  4.68  in. 
Example  i:  Required  the  properties  of  a  section  consisting  o(  1  (s  10  in.  at  15  lb.,  Uced,  witli 
flange*  turned  in,  12  in.  inside  to  inside  of  web- 

From  Table  No.  14.  Area  =  8.92  in.».  

Iji  -  Ix  from  Table  21  =•  133.8  in.*j  r^  •"  ^I^  *  J  -  V733.8  -f-  8-93  -  J.87  in. 
'fl  ~  'r  f'^™  Table  11  =  184.4  '"■';  ''fl  ~  V/^  +  A  -  V284.4  -••  8.92  -  5.65  in. 
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TABLE  59. 
Profskties  of  Column  Sections. 


^ 

r« 

A 

•^ 

■-f- 

r 

^ 

tS^SSL 

-- 

-    1    -• 

^ 

ik. 

-Wfts— ^— .iw- 

Jl 

c^ 

lulde 

Back 

"°-"«°'<JSS."- 

RadU 

Gw». 

Web 

1 

I 

^^t 

nd. 

b- 

b 

Ia 

TA 

Ib 

TB 

. 

t 

In. 

Lb. 

In. 

In.> 

In. 

In. 

In.* 

In. 

In.* 

Id. 

In. 

Id. 

In. 

7 

9-7S 

lOX 

10.70 

if 

(t 

loe 

3.18 

101 

3.07 

7l 

1 

13.30 

132 

i».»S 

!l 

114 

3.06 

113 

3-04 

A 

14.70 

110 

J.20 

114 

^,03 

R 

1 1 .15 

liX 

13.70 

7( 

z 

.67 

3.e* 

1H6 

3.81 

it 

( 

15.70 

123 

1-76 

3.76 

lys 

14.08 

■74 

J-!J 

304 

3.8. 

ft 

230 

340 

3-74 

?. 

UX 

16.78 

71 

61 

3-74 

81 

t 

19.78 

166 

271 

30.00 

20.76 

1 

3.67 

* 

21.76 

4.06 

316 

3.64 

lO 

15.00 

I4X 

194» 

t. 

81 

Sli 

4-63 

389 

4-47 

111 

t 

26.41 

S04 

4-37 

15.00 

25.20 

4.19 

493 

4-41 

"            "i 

276      4.!8 

606 

fH 

13      10.50  ■  i6xi 

HXA 

10 

Ol 

71S 

614 

S-OS 

'5 

* 

12.0t> 

78( 

25.00 

26.70 

Jl 

747 

5.29 

679 

5.04 

1 

-^■:it 

S-S9 

4-94 

882 

«.« 

"135 

1-47 

io«3 

IKX 

n( 

.01 

6-54 

'!. 

* 

42.30 

"999 

6.M7 

1363 

5.6H 

19.-JH 

.01 

154B 

J 

4l(.0H 

5.63 

55.00 

50,36 

Si 

1942 

5.61 

■A 

tf 

59-36 

»S3(> 

6.S4 

1827 

S-S5 

" 

1 

Tie  tib 

e  given 

.bove 

.{.UI 

dcdto 

erv 

lyw. 

guide 

a  thee 

hoiceo 

KCtta. 

>,  and 

.ot  >■  ■ 

omplete  table.    The  properties  of  »ectioni  not  given  in  table  miy  be  found  at  followa: 

Example:  Required  the  properties  of  a  section  consiiting  of  2ls  ilin.  at30}lb.,  flaogct  tumedout, 
i  in.  back  to  back,  and  2  Pla.  l6"Xl". 


Item. 

■       A              1 

A 

1, 

r» 

NuiDber- 

Sectkm. 

Sixe. 

Table. 

In.i    ;  Table.  1     In.' 

Tablf. 

In.' 

In. 

In. 

' 

I. 
Pl> 

,2in.at3oi 
16"  xi" 

14 

12.06        19 
16.00          5 

1    *S6 

1   616  ■ 

19 

1 

35" 
3+1 

>  28.06 

[6^ 

1               j         Total 

1  18.06  1 

,   883 

69. 

S.61 

4.96 

D,t„.n,  Google 


TABLE  60. 
Pkopeetibs  of  Coluun  Sbctions. 


4 

J 

i 

1= 

SkU™. 

J 

j 

^ 

AND    11. 

Semes  I. 

SeuksII. 

Flange 

Web  Beam 

of  loenU  and 

Web  Bean 

Homenti  of  InoUa  and 

i 

i 

i 

i 

Area. 

AitoA-A. 

Aj1«B-B. 

i 

i 

Area, 

Ajdl  A-A.    ;       Ah.  B-B. 

s 

Ia 

Ta 

Ib 

rs 

s 

1a 

Ta 

In      ,      Ta 

In. 

Lb. 

Id. 

Lb. 

In.' 

In.. 

la. 

Id.' 

In. 

In. 

Lb. 

In." 

lD.< 

In. 

ln.<     :     In, 

6 

8.00 

6 

11.15 

8.17 

iS 

1,81 

81 

9.18 

10.50 

9.79 

n 

99 

3.19 

10.60 

13 

1-76       137  .   3-='' 

:i 

9-7'; 

11.15 

9.31 

3.10 

.if 

1500 

131   1    3-« 

^ 

11.15 

11.15 

3M 

no 

3  ■17 

7 

15.00 

140 

150  ■    3-''7 

I5-7S 

74 

1.51 

117 

3.30 

11.50 

75 

M4 

171      371 

s 

I1-21 

7 

1^.00 

11.10 

97 

i.gi 

171 

374 

8 

18.00 

13.11 

98 

1.74 

ai6     4.1J  j 

n;.a. 

13.14  ,104 

14- 1-; 

1-73 

147    *-r\ 

T14 

3.81 

nH 

9 

17.09 

1-07 

311 

4.18 

18.07 

.61 

3.00 

398  1    4-<" 

iS.oo 

10.03 

3-05 

377 

4-34 

1I.OI 

1.98 

477  !   4-77 

11 

10.50 

.? 

11,00 

1B.37 

161 

4'9 

4.78 

10 

15.00 

19-43 

16, 

3.68 

511  1   M^ 

15.00 

48B 

4.81 

11.07 

rtb 

605      S-H 

30.00 

4.H7 

15.01 

1.63 

701      S.M 

3S-"i 

16.B9 

164 

1,6H 

6?1 

4.91 

17.9s  366 

3.61 

801  ;  S-3-- 

"  40.00 

' 

19.B3 

399 

3.66 

740 

4.9M 

30.89 

401 

3.60 

905      54' 

'.f 

10 

15.00 

631 

4.81 

80, 

11 

3.,.;o 

19.06 

635 

4.67  1    1146      6.18 

H7 

4.81 

8M 

19.84 

650 

+0.00 

30.89 

701 

4-77 

917 

^.48 

31.78 

705 

4.64 

IJ17      6-3J 

41-00 

33-85 

7SV 

4-73 

1030 

S-Si 

1S74 

:si  ■ii 

50.00 

J6-79 

<ii 

4.70 

1135 

S'SS 

4S9 

5S-O0 

" 

" 

3973  ,867 

4.67 

"44 

S.60 

* 

4-S7 

1747    ^-i^ 

Theta 

ble  given  above  ii  intended  t 

the  choice  of  aections,  and  not  iit 

complete  ta 

lie.    The  properties  of  tecti 

Q9  not  given  in  the  t»blc 

may  be  found  aa  fbllowi: 

Hx^t 

Requir. 

d  thcp 

rope 

rticao 

faaect 

oDcons 

goli 

1  10  in. 

■tio 

get  tuned  iMt 

llsm. 

A 

-    i^ 

la 

r*                I. 

'Sirlt^. 

Sla. 

Tabk.  1     In.' 

Table. 

In.« 

Table. 

In-< 

In.                 In.    , 

:  1  f 

10  in.  at  10  lb. 
9  in.  at  11  Ib. 

14        11.76 

7    1    6.31 

19 

7 

"S7-4 

19 

7 

3117 
84-9 

V  ,8.07  !  ^  1 

1            1      Total 

i  '8,07 

161.6 

397-6 

J.00 

1 

16 

X>i 
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TABLE  61. 
FKOPBBtiBs  OF  Column  Sections. 


-t  - 

^ 

Channd  FtBDN  In. 

StcUon. 

L  i  J 

lot  Web. 

if 

SBRIBSI 

Snun  I 

Channels 

Web  Beam. 

Total 
ARa. 

Raoii  ot  Cyratko. 

Total 

Radii  ot  Gytatioi 

li  i 

1 

1 

AxIlA-A. 

Aiii  B-B. 

1 

1 

Axis  A-A.     i      Axil  B-B.      I 

u 

r*    1      U 

ra 

u 

TA        '        IB 

rs 

In.  i     Lb. 

in.       Lb. 

In.' 

In.' 

In. 

In* 

In, 

Ii. 

Lb. 

In.> 

,., 

In.     j     In.t 

In. 

61     8.00 

.ri's.f> 

Q.18 

86 

1.06 

S 

18.00 

10.09 

It 

10.60 

1.76 

116 

"       ...SI 

.?    '^.-^o 

"7 

1.17 

12.53 

1.6. 

8  !  II.I5 

8  ,  18.00 

11.03 

1-18 

0 

2I.O0 

70 

I  ^'-^ 

13.41 

7b 

1.J8 

■74 

3.W 

'4-39 

77 

2.31         134 

4,03 

9  '  I3-IS 

9    21.00 

14.09 

100 

2.66 

12.  '3,96 

10 

1S.00 

n-n 

lOI 

1.58         291 

4-39 

ro7  ■'  2.66 

24+     4.02 

109 

1.59   1     311 

4-4S 

"     zo.oo 

117  '1.65 

.913 

119 

4.60 

lo  1  is.oo 

.?■  21.00,  15.23 

■  39    3-02 

140 

1.97 

10 1 15.00 

16.29 

14. 

a.94        3 '6 

4.40 

"    ,   Z$.CXI 

" 

II. 01 

187 

1.9B 

378 

t-H 

" 

" 

21.07 

189 

a-93       483 

4.68 

1 1    loso 

10 1  25.00 

"9-43 

26, 

1,68 

38, 

12 

.II.W 

31.31 

166 

3-53        599 

5-30 

■■  1  is-oo 

21.07 

W5 

45s 

298 

"  1  jaoo 

25.01 

1.61 

4.67 

26.90 

m 

"  [  35-00 

*7-9S 

,66 

1.62 

617 

4-77 

29.84 

,6« 

3.51        954 
3.51      '086 

"     40.00 

30.89 

401 

732 

4.87 

3^.7« 

404 

5-76 

19.06 

6,5 

4.67 

85'; 

41.00 

31.18 

640 

6.71 

"  1  3S-00 

"I      " 

19.84 

^50 

+.67 

887 

^■4^ 

11.06 

'"SI 

4.45      1507 

6.75 

"  '  40.00 

12.78 

4.64 

16.00 

"  ,  +S-00 

7M 

4.6: 

iilB 

5.64 

18.96 

76^ 

4.43   ,   1887 

"  1  S0.00 

4.42      1083 

7.05 

"  .  SS-oo 

i 

41.62 

870 

'■" 

1+03     S.81 

44.K4 

S75  1   4-41    i  218+ 

7."5 

The  table  given  above  is  inteadcd  to  Be: 
ximplete  table.     The  properties  of  tectionj 

EuunplB:  Required  the  properties  of  a 
and  one  I9  in.  at  21  lb. 


e  only  as  a  guide  in  the  choice  of  sections,  and  not  as  1 

jt  given  in  the  table  may  be  found  as  follows: 

iction  consisting  of  2  (s  lo  in.  at  20  lb.,  flangei  turned  ii 


Item. 

A      - 

1a 

Ib 

r* 

ro 

'te°' 

Section 

Sta. 

Table. 

Id.' 

Table. 

In.. 

Table. 

m.. 

In. 

In. 

I 

1 

9  in.  at  2 

olb. 
lib. 

14 

7 

...76 
63> 

7 

157-4 
5-* 

It 

7 

220.i 
84.9 

\  18.07 

\.8.o7 

J.            i 

Total 

18.07 

162.6 

305.' 

3-00 

4.1 1 

,n,Co()glc 


1 

1 

r 

Oonul  Flu«  Om. 

■ 

Stria  I  uid  >. 

Siniai. 

S«i„. 

Cbmnncl. 

ft 

Axil  A-A. 

AiJi  B-B. 

1 
1 

•b 

Si 

i 

AiliA-A. 

AiiiB-B. 

i 

(5 

1 

1 

1 

!! 

11 

II 

11 

i 

« 

A 

U     I     'A 

Ib 

fB 

A 

I* 

r* 

I. 

fi 

In. 

Lb. 

In. 

Id. 

In.' 

In.' 

In. 

In.< 

In. 

In. 

In.' 

ln,< 

In. 

m..        1.. 

11 

Ml 

3»3iA 

Rxi 

11.18 

J6q 

Vi? 

403 

4-3S 

ioz| 

M.qi 

270 

3-44 

610     5.16 

!■; 

21.81 

101 

4-41 

*S-S7 

102 

3-44 

700  j  5.:: 

11 

JO 

" 

" 

»6.76 

337 

3-SS 

S36 

448 

" 

28.S. 

337 

3  44 

804     s.ji 

u 

»^ 

3*x3_Jxi 

8x1 

24-08 

382 

1.36 

416 

4.18 

loxf 

*S73 

282 

1-11 

657    Sf; 

»1 

27.61 

314  ,  3-37 

418 

4.2s 

S8.37 

314 

3 -3a 

747  1  S-"3 

12 

3« 

" 

30.56 

349  1  3 -37 

571 

4'33 

" 

3. .31 

349 

3-33 

8SI     5." 

3ix;_i.l 

8i| 

651   1  4.46 

6^2 

4.46 

.0X1 

6SI 

961   1  5.56 

"I 

1? 

33-So 

666     4.46 

672 

4.4B 

14-2'; 

4.41 

989     S-j'< 

"S 

40 

" 

36.44 

7ii     445 

747 

4S3 

" 

3719 

721 

4-41 

1096     545 

toil 

663     4.3s  '  982 

.2x1 

66, 

1110   ;.;: 

S-3* 

36.52 

677 

4.1. 

IIJ8  ;  5  !> 

'5 

40 

18.71 

733  I4-3S  1"I7 

S.37 

39-4^ 

7J3 

4-J' 

.245 

5.1: 

de  in  die  choice  of  tectioni  and  not  u  a 

plete  ubie.    The  properties  of  sections  not  given  b 

jble  may  be  obuined  as  (oUowi: 

u"  X  i"  aod  4  anglei  4"  X  4"  ><  i".  "1"  back  lo 

Solnti 

on: 

,,„. 

a™. 

Mon.«» 

^tiwtU. 

RodiMofGrrulon. 

Aiii  A-A. 

A.i.B-B. 

Aii>  A'A. 

Axi.B-B. 

T.W. 

A 

Tabic 

Ia 

T.bl. 

I. 

-i'Ia-a 

•  V  I,  -^A 

In." 

In.< 

In.* 

Ib. 

In. 

4^4'V:ti" 

19 

31 

32.36 
6.00 
13.00 

19  !  860 

3S          S3 

19 

3 
31 

.587 
72 
3B9 

\S3-36 

Total 

.A  = 

S3  36 

Ia=       913 

Jb- 

2048 

Tx  -   414 

B-6.20 

_i 

c.s.,=j  I,  Google 


TABLE  63. 
Pkoperties  of  Two  Channels  ani 
Flanges  Tuknbd  I 


A  Built  I-Bsah. 


Widlti  ct  Wab  nu*  Phu  1". 


s^..^.. 

S.K.,. 

Scrim. 

Cl»,»l> 

1 

1 

1 
1 
I 

1 

1 

A=U*-A. 

AiiiB-B. 

i 
1 

1 

1 

AiiaA-A. 

AiiiB-fi. 

4 

} 

M 

l|i 

w 

W 

m 

H 

i 

A 

I*  i  ■* 

1, 

ra 

A 

1, 

'B 

In. 

Lb. 

111. 

In. 

In,!       In.< 

In.    1    U.. 

In. 

In. 

In.' 

'-*  I- 

In.* 

1.. 

IS 

>s 

IS 
IS 

»i 

JO 

30 

31 
3S 
40 

33 
3S 
40 

11.68 

a7.i6 

27.23 
29.87 
3».8i 

34.22 
35  oo 
37-94 

37.M 
3B.02 
40.96 

169 
301 

336 

182 

3 '4 
349 

721 

663 

677 
733 

3-S* 
3,52 
3-S3 
3.22 
3-^4 
J-»S 

4.J6 
4.36 
436 

4.22 

4.12 
+.13 

453 

iSf 

i°S+ 
1105 
1380 

:^^ 
.20. 

1963 

224S 

4-57 
4-70 
4.81 

6.22 

6.3s 
649 

S-SO 

7.26 

7.19 
741 

I2xi 

iSii 

3S.S' 
34.97 

40.24 

4J.02 

4396 

270 
302 

337 
283 
31S 

3S0 

'& 

7»i 

667 
679 
73S 

J.3" 
3.3» 
3-39 

3.o« 
3.11 
3..4 

4-31 

4.31 
431 

4.07 
4.07 
4-09 

930 
1431 

X 

m 

mi 

S.38 
IS 

6.93 

7.10 
7.2s 

6.40 
643 

6.54 

8/>i 

8.05 

8..e 

lum. 

Mooteni  of  hmi.. 

R„lh»ofGyi«i™. 

AxU  A- A. 

A  III  K~B. 

Axil  A-A. 

Alii  B-B. 

T.bl« 
No. 

A 

^JS- 

■. 

Tiibl. 
No. 

I. 

"-v'w 

'VuJ* 

!..> 

In.« 

In,' 

I.. 

In. 

4.44"i4"ii" 

3* 

JI.36 
11.15 

IS. 00 

4 
35 

860 

56 

3 
32 

1716 
304 
969 

\5!.6. 

.5* 

\S8.6I 

Tout 

A- 

58.61 

916 

Ib- 

3989 

'.-3.96 

r,  -  8..! 
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TABLE  64. 
Pkopektibs  of  One  Channel  a 


>  One  I -Beam. 


8 

Ig 

5 

6i 

7j8 

77 

3.25 

0.99 

ii.i 

1.24 

6 

8 

7.71 

80 

J.22 

1.13 

16.8    1.4 

lOi 

7.91 

81 

3.20 

0.91 

8.41 

84 

3-16 

1.04 

17.0  . 1 4- 

9 

6 

8 

8.69 

116 

J.65 

LIS 

1S.2 

1-45 

iii 

9.66 

124 

3S8 

1-44 

37.5    "> 

ts 

" 

" 

9-73 

124 

J-S7 

1.02 

18.6 

1.38 

" 

10.70 

133 

352 

1.30 

379    If 

10 

iS 

6 

8 

975 

161 

4.08 

1.14 

19.9 

1-43 

111 

10.72 

173 

4.02 

I-4S 

39-2    1.9 

3°, 

176 

3-97 

0-99 

20.6 

1.36 

12.17 

188 

3.91 

39-9  !  '■» 

Jii 

8 

111 

12.61 

295 

4.84 

1.50 

1. 82 

ij 

1372 

313 

+.77 

1.82 

764    2.3 

40 

15.19 

3SJ 

4.82 

1.2s 

46.1 

1.74 

■6.30 

373 

4.78 

1-53 

80-7    2.= 

■S 

If 

8 

15-83 

578 

6.04 

1-51 

46,9 

1.72 

10 

15 

16.94 

610 

6.00 

1.87 

8I.S     2-1 

w 

18  51 

649 

5.92 

2.31 

142-7 

2.78 

33 

22.38 

729 

571 

3-iS 

327.2     3.* 

Sf 

S 

1SX16 

624 

5.88 

1.32 

48.3 

1.63 

19.17 

658 

5.86 

1.6s 

82.9    i-0 

20 

20.74 

702 

S-8. 

2.06 

144.1 

2.64 

33 

24.61 

791 

S-67 

2.86 

32B.6    3.(> 

60 

8 

754 

S-99 

1.14 

58.3 

1.67 

15 

22.13 

791 

5-98 

M3 

91-9  ,  •'■" 

12 

23:68 

838 

S-9S 

1.80 

154.1 

2-55 

33 

27-57 

938 

5-83 

..ss 

338-6  ,  3.; 

i8 

5? 

S 

19.28 

1004 

7.21 

t-SO 

S3-S 

,.67 

IS 

20.39 

1056 

7.19 

1.88 

88.1  '  i-o* 

20 

21.96 

7.14 

2-35 

'49-3 

2,61 

33 

iS-83 

1257 

6.97 

3.30 

333-8   3.; 

6j 

8 

22.  +  7 

1096 

6.98 

I.j8 

SS.8 

1.58 

IS 

23.58 

I'Si 

6,98 

1.63 

904    [-'^ 

25.15 

122} 

6.97 

2.06 

151.6 

2.46 

33 

29.02 

1373 

6.88 

2.94 

336.1    34° 

^? 

8 

2S-+0 

.360 

7.32 

1.14 

78,7 

1.76 

■S 

26.SI 

1418 

7.31 

I-4S 

113.1    2.* 

u 

28.0S 

■494 

7.29 

1.84 

1743 

2.49 

33 

31.95 

1656 

7.24 

2.67 

358.8   3.] 

■f  -^s 

8 

22.43 

1436    8.00 

'44 

60.2 

1,64 

'5 

23-54 

1507 

8.00 

1.81 

94.8.^0 

25.11 

'594  1  7-97    »- 30 

156.0 

2.49 

33 

28-98 

1779 

7.84 

3.29 

340.S  ]  3.* 

70 

8 

i3-94 

1489   7-89    1-35 

61.3 

1.60 

IS 

zs-os 

,562 

7.B9 

1,71 

95.9    >-9t 

26-62 

1652 

7.88 

2.17 

157-1 

2-43 

33 

30-49 

1846 

7-79 

3.12    341.6,3.3* 

8    u\ 

27.08 

1741 

8.02 

1. 19 

78.1 

1.70 

IS 

28.19 

1816 

8.03 

'■P 

" 

"-' 

29.76 

1912 

8.01 

1-94 

1739 

2.42 

33 

33-63 

2120 

7-94 

2.83 

3584  3-;' 

\f 

So 

8    1. 

26.67 

2488 

9.64 

1.46 

75-2 

1,68 

IS 

27.78 

2594 

9.66 

,.86 

109.8   1.94 

»9.35 

*734 

9.66 

2.38 

171.0 

33 

33-22 

3033 

9.SS 

3-46 

355.5  3-" 

90 

29.81 

264s 

9.42 

i.ji 

78.0 

i.6i 

IS 

30.93 

275  S 

9-43 

1.67 

II 2.6  i.gi 

12  \io 

32.50 

2902 

9.4s 

2.15 

173.8 

2.31 

33 

36.37 

3219 

9.40 

3.16 

358.3    3." 

8|ii 

3276 

2791 

9-23 

1. 19 

B0.9 

I.S7 

IS 

33-87 

2904 

9.26 

i.SJ 

I15.S    >>i 

IJ.IO 

35-44 

30SS 

9.29 

1-97 

176.7 

2.23 

33 

39-31 

3387 

'1? 

2.92 

'^'■M^ 

'.'.  ■"^? 

8!ii 

34-33 

3224  , 9.69 

IS 

3S-44 

3138 

9.69 

1.46 

145.8  j^ 

"1  '^ 

II    10 

37-01 

3492 '9.71 

ilsg 

2070 

2:36 

2L 

40.B8   3831 

9.67 

2.81 

391.5    ].09 

c.s.,=j  I,  Google 


TABLE  65. 
Pkoperties  of  One  Channel  and  a  Built  I-Bbail 


r 

S?^ 

i 

_:i 

^_ 

A            ^.:i^S^^S^„^^ 

«                                   "Tnn  *n.l—    <inrt  l™^^..^               [ 

Oof  Built  I-Btun. 

,4 

Bottom  Anaif.  Long  Leg,  Out. 

L^i_ 

k 

PUtt.                    Channel- 

Aaaks. 

AxliA-A. 

AaliB-B.      1 

Wrt. 

Dtpth. 

Weight. 

BMUm. 

Top. 

*"■ 

Mommt 

S|S 

Moment 

•SltT- 

tation. 

A 

I* 

r* 

« 

Ib 

Id. 

Id. 

In. 

Lb. 

Id. 

In. 

In." 

In." 

In, 

In. 

In.' 

161} 

10 

^,f 

s«h 

3i=;?ixj 

2I.S* 

979 

t-P 

I.» 

"5 

1.31 

14-96 

1 166 

6.83 

0.91 

131 

2.30 

i8.i6 

1340 

6.89 

0.71 

148 

1.39 

M-S 

6141 

li^l 

^4-97 

1 144 

6.77 

1. 41 

107 

1.87 

29.03 

1367 

6.86 

1.08 

133 

1.84 

" 

" 

31.97 

1572 

6.91 

0.B3 

160 

2.81 

iBx) 

10 

'.? 

5.JI. 

j*-?iM 

H-SJ 

1338 

7-39 

1.19 

"7 

1.19 

17.96 

1577 

7-51 

0.92 

134 

1.19 

3126 

180Z 

7-59 

0.73 

15* 

1.10 

II 

las 

tf**! 

17,97 

>SSS 

7,46 

H2 

109 

1.73 

" 

31-03 

1838 

7.58 

I.IO 

337 

2.71 

" 

" 

" 

"  1 

3S-97 

1103 

7,64 

0.86 

a6s 

2.71 

imJ 

I* 

W.S 

6I4I 

i?**| 

1B.97 

1971 

8.14 

I.5I 

ao9 

'■^ 

33-03 

1319 

8.39 

1. 19 

137 

2.68 

36.97 

1663 

8.49 

0.93 

.6s 

2.68 

IJ 

y 

6i6x 

•6i4x[ 

35.84 

1317 

l"i 

1.30 

395 

3-31 

40,90 

27*5 

8,16 

1.93 

m 

3-21 

" 

" 

** 

" 

"      1 

4S-84 

3104 

8.14 

1-59 

451 

3.14 

1;' 

'.? 

».s 

6141 

4x4xi 

31-97 

3133 

9.6* 

1.56 

311 

l.JO 

38-03 

3656 

9.81 

1.24 

141 

2.52 

41-97 

4150 

9-95 

0-99 

170 

2.54 

IJ 

V 

6i&t 

•614X 

40.84 

3686 

9-SO 

1.41 

398 

3.11 

4S-90 

4190 

9.67 

1.03 

417 

3-05 

" 

" 

" 

" 

" 

50.84 

48S8 

9.78 

I.7Z 

4S7 

3.00 

3mI 

'.? 

M-S 

6xH. 

1?+" 

41-47 
4S-S3 

list 

;::!! 

1.61 
1.30 

^ 

2.29 
2,31 

49-47 

7>74 

1 1.0s 

I. OS 

276 

2,36 

IJ 

'i 

6x6x 

•6x4x 

53-40 

7490 

11.84 

1.19 

433 

1.8s 

l',it 

84"  3 

1. 88 

463 

2,82 

" 

" 

" 

9193 

11.13 

1.63 

495 

i,So 

36ji 

II 

M.S 

6i6x 

•6x4x 

54-03 

1048s 

13-93 

1.31 

148 

2.14 

58-97 

1.81S 

14.16 

1.06 

178 

2.17 

63.79 

13 104 

14.31 

0.8s 

311 

If 

'.? 

6x6x 

•6JL4X 

57-90 

11483 

14-08 

1-43 

433 

2.74 

62.84 

118S9 

•4-3  ■ 

1.10 

463 

2.71 

" 

" 

" 

" 

67.66 

141 70 

14-47 

1.81 

49S 

1.70 

,0,  Google 


TABLE  66 

Phopkrtibs  01 

Built  Struts. 

1 

?"'»!^_°' 

S^ 

1 
KansTcrCtonnd.                      | 

i.     t 

r 

A, 

wdCtaeAoilc. 

~V 

■" 

J 

1 

"T 

"■r 

ToUl 

Axl«A-A. 

Axis  B-B.                 \ 

Mo- 

R^lu. 

SrcUon 

e™,- 

Mo- 
lunt 

RadJiu 

S«tiOB 

Ch«n- 

Chm- 

Sbcof  Auk. 

Gm- 

"1™!" 

tiidty. 

Gym. 

Uodu- 

^- 

nel. 

Dd. 

lunia 

tlcn. 

Inertia 

tlon. 

lu>. 

A 

I* 

r* 

Sa 

e 

Ig 

'B 

SB               .■ 

la. 

Lb. 

In. 

In.' 

In.' 

In. 

,n.. 

In. 

In.< 

In. 

In-.    1     ... 

* 

Si 

iJXrfXl 
3  XziXl 

2.74 

S-7 

'■44 

2.23 

■S6 

'-97 

.8s 

0.81    1  +.0; 

a.86 

S-8 

143 

2.22 

.62 

2.82 

-99 

I.0O  1  +.17 

5 

6* 

»tX2  Xf 

1:2 

10.3 

1,81 

3H 

.68 

2.27 

-85 

.90 

--0J 

3  Xi  Xi 

10.8 

t.Si 

3.34 

■7% 

3-19 

■99 

IJ39 

+.07 

3iXi  xi 

3-39 

I.8I 

3.36 

it 

1.14 

I-3J 

+-■9 

4X3   XA 

4-04 

12. 1 

1-73 

3S6 

.90 

I-JI 

1-94 

+-4' 

6 

8 

JiX»  X 
3   X»  X 

3 -57 

17.8 

2.23 

4-74 

.76 

2.62 

.86 

1. 01 

3-69 

18.3 

1.23 

4-78 

.8j 

359 

■99 

1.19 

3iXi  Xi 
♦  X  3Xft 

3.81 

J8.9 

2.23 

4.8s 

-90 

i^ 

1.13 

iS 

+-W 

4-47 

2.13 

4-99 

1.0S 

7.61 

I.JO- 

+-3' 

7 

9l 

J  XiiXi 

4.16 

291 

2.64 

6.62 

.89 

4.06 

■99 

1.31 

-.09 

3lXaixi 

4-»9 

30.0 

2.64 

6.71 

■97 

S-4» 

I-SS    +-0' 

4  X3  xA 

4.94 

31.8 

*-S4 

6.8J 

1.16 

8.J. 

1.30 

2.20     +.W 

s  xj  xA 

S^as 

33.2 

2.SI 

6.94 

1-29 

'3-73 

1.62 

3 -03      +-47 

S 

"i 

4  Xj  XA 

S-44 

47-S 

a.9S 

9.06 

1-24 

9.07 

1.29 

2.34     +-'5 

S  XJ  XA 

S-7S 

49-6 

2.93 

9.21 

1.39 

14-74 

1-60 

3.18     +-3t 

s  xjjxA 
§  X3iX| 

S-9I 

49-5 

2.89 

9.13 

1.37 

14.76 

1-58 

3.18   ,  +.36 

6.77 

S3.3 

2.81 

9.4B 

1.62 

2!.B2 

1-95 

4-9'   1  +-74 

6  X4  X( 

6.96 

S3 -4 

1.77 

9S6 

I -59 

25-87 

1-93 

4-9"      +-73 

9 

i3l 

4  Xj  xA 

5.98 

6B.0 

3-37 

11-70 

1.31 

9.9J 

1-29 

2-SO    '   +-04 

S  X3   XS 

6.29 

70.7 

3-3S 

11.86 

..46 

15-82 

I -59 

3.J4     +.16 

S  X3ixA 

6.4s 

70.7 

3'3' 

11.88 

1.4s 

15.84 

'57 

3-34      +-3' 

6  xjixt 

7.31 

76.0 

3,22 

'■74 

27.42 

1.94 

S-li    +-65 

6X4  xl 

7-SO 

76.0 

3.18 

I2.2J 

1.71 

27.46 

1. 91 

S.io     +.62 

10 

>S 

4  X3   XA 

6.5  S 

94' 

3-79 

I4-BI 

I-3S 

10.82 

1. 28 

2.68      -.C3 

5   X3   xA 

6.86 

97.7 

3.77 

15,00 

1.51 

16.97 

1.57 

J.51      +->7 

S  X3ixA 

7.01 

97-7 

3-73 

iS-oo 

1,52 

16.99 

iSS 

3.51      +-'7 

6  X3iXi 

7.88 

104.8 

3.65 

's-36 

1-B3 

29.05 

1.92 

S.31    +.;= 

6  X4  X» 

8.07 

104.6 

3.60 

'S-3S 

1.82 

29.10 

1.90 

5-3"      +-5^ 

12 

wl 

4  X3  XA 

8.11 

172.3 

4.61 

»3-4S 

'-35 

13  .IS 

1.28 

J.16      -M 

S  X3  XA 

B.43 

177.9 

4.59 

23-68 

1.52 

19.90 

'■54 

J-97      --OS 

S  X3iXA 
8  Xjixr 

8.!9 

178.8 

4S6 

23.73 

1-54 

19-93 

'■S» 

3.97      -.0: 

9-4.'; 

190.7 

4-49 

24-19 

1.89 

33.16 

1.87 

S-81      +-29 

6  X4  xi 

9.64 

190.8 

4-4S 

24.19 

1.90 

33.15 

1.8s 

S-8 1      +-J9 

IS 

33 

4  Xj  XA 

11.99 

391-6 

S7a 

4S-»S 

1. 18 

18.86 

i-as 

4.26      -43 

S  X3  XA 

12.30 

404.0 

S7» 

4575 

1.33 

26.82 

1.+8 

5.13      -■« 

5  XjJXA 

6  XiiXi 

12.46 

405-4 

5.70 

4S.7I 

1.37 

26.87 

147 

5-iS     --" 

"3-3» 

430.9 

46.70 

1.72 

4 '-47 

1.76 

6.84     --0* 

6  X4  Xi 

1351 

+3 '-3 

S.66 

46.65 

"■7S 

♦  '■47 

1-75 

6.84     --e6 

c.s.,=j  I,  Google 


TABLE  6T. 

PROPBKTIBS  OF  STAKBSD  AngLBS. 


TiR>  Angls  Stamd, 

TmAnclaStaind. 

Four  Anda  Staned, 

Four  Ancka  SUmd,            1 

EQuall*„. 

Unequal  L«ai. 

Equal  L^T^ 

u.ss?£sr^-    1 

N     f 

' 

\( 

i 

1 

i..^ 

r^' 

fS 

^  cJ 

l_ 

=i-4u 

1 

^ 

,  _/ 

1 

r 

=r-^^ 

i 

A 

|b 

A. 

T 

1 

Valuea  tor  Ana  A-A  ft 

V>auaforAidiA-Ani« 

B-B  Bme  a*  in  Tablf* 

u  in  Table  jB. 

Tola] 
Ana. 

K" 

siMor 

Total 

Am. 

Laat 
Radiui 
ofGy- 

Si«of 

IS 

ntion. 

Sbeot 

Total 
Atea. 

Radluaol      1 
Gyration.       1 

Si»of 

Axil 

Alia 
B-B. 

Ancla. 

raUoD. 

Ands. 

latloD. 

Anala. 

Angia 

A 

Tc 

A 

fc 

A 

lA 

A 

'A 

'B 

In. 

In.' 

Id. 

In. 

In.> 

In. 

In. 

In.' 

In. 

In. 

In.> 

In. 

In. 

MIX* 

i.SS 

■77 

2ilM 

a.i2 

-73 

2I1X 

3-76 

.85 

2)MX 

4-24 

1.11 

.80 

"      1 

2.71 

74 

3.10 

78 

" 

5-44 

.88 

6.20 

1-13 

SI 

2ixalxi 

2.38 

97 

3iaii 

2.62 

00 

2UfU 

4-76 

I.OS 

3i2ix 

S-24 

1-3' 

too 

"    1 

3-46 

9S 

3-84 

00 

6.92 

1.07 

7.68 

133 

1.02 

JJtJi 

2.S8- 

"7 

3lx3i 

3-12 

22 

3131 

576 

i.»S 

3ix3> 

6.24 

1-52 

1.20 

4.2* 

16 

6,00 

8.44 

1.27 

9.Z0 

'-S3 

1.23 

6.71 

"3 

18 

1.29 

1-55 

1.24 

" 

7-34 

16 

" 

■3-44 

1.32 

14.68 

I-S7 

1.26 

3i>3>> 

3.38 

J7 

4x31 

3.38 

23 

s''2*' 

6.76 

I-4S 

4131 

6.76 

1.77 

1. 16 

4.96 

35 

^S 

9.92 

1^8 

9.92 

1.80 

1.17 

6.50 

33 

>9 

13.00 

1.50 

13.00 

1.82 

" 

7.96 

31 

" 

7.96 

17 

" 

>S-92 

1,52 

" 

15.92 

1.84 

t.Z2 

4JU3 

3.88 

s? 

S131 

5-7» 

16 

4141 

7.76 

1.66 

syi 

11.44 

Hi 

1.09 

S-7» 

S6 

7-SO 

16 

"-44 

1.68 

iS-00 

7.50 

53 

9.22 

"S 

15.00 

1.70 

1844 

2-39 

\\i 

9.22 

SI 

" 

10.88 

'5 

" 

18.44 

1.72 

" 

11.76 

1.41 

S»Si 

7.22 

98 

Sx?.lx 

6.10 

37 

SjjSi 

14-44 

Z.08 

!.;!• 

12. 20 

2.27 

m 

9.50 

9S 

8.00 

35 

19.00 

2. 10 

16.00 

2.29 

11-72 

91 

9.84 

34 

" 

23-44 

2.11 

I9.6S 

2.31 

1.38 

13.8S 

89 

" 

ii.6t 

33 

27.76 

Z.I4 

" 

23.24 

2.33 

1.40 

'  ^} 

8.72 

37 

6x4x 

7.22 

S6 

6I6I 

1744 

2-49 

6141 

14-44 

lit 

1.50 

ii.SO 

35 

9.  SO 

S6 

2.5 1 

19.00 

LSI 

14.12 

33 

11.72 

S5 

28.44 

2-S3 

23-44 

i.78 

I  53 

16.S8 

30 

.3.88 

55 

!! 

33.76 

2-55 

27-76 

a.80 

1.56 

19.46 

»8 

15-96 

54 

38.92 

2-57 

" 

31.92 

2.81 

1,58 

"     I 

IS. 00 

16 

"     I 

18.00 

54 

"  I 

44.00 

2.59 

" 

36.00 

».»s 

1.60 

SiBi 

'$■5° 

"7 

8161 

13-50 

39 

8181 

31,00 

J-32 

8161    1  27.00 

3.5« 

2.32 

19.22 

U 

iS,?i 

38 

38.44 

3-34 

33-44 

'f 

2.33 

22.88 

19.88 

36 

45-76 

3.36 

"      ,  3976 

2.3s 

26.46 

09 

21.96 

35 

52.92 

3-38 

"      1  45-92 

3.62 

2.37 

"     1 

30.00 

3-07 

"     I 

26.00 

2 

34 

"  I  60,00 

3.40 

"      ll   S2.O0 

3-64 

2.39 

For  unequal  leg  anglea,  the  sngle  betvecD 
S-B  S  C-C  varies  tet^n  lo=  &  ,4-. 

When  ang 

lei  are  not  !□  contact,  uie  ubies  38, 

39,  &  40. 

Tie  pUtw  for  unequal  le;  »ngle.-|". 

,0,  Google 


TABLE  68. 

1 

Propektibs  of  Fouk  Angles  Laced. 

i                                      ^ 

Pnpertle*                                              W               |                            For  Equal  Leu  uid 

,™,aXl««.         ^-—l^-^i         L^asajs* 

B 

Four 

AuslH. 

Total 

Moments  of  iDcnla  and  RadU  of  Gyration.                                           1 

Ads  B-B. 

Axis  A-A.                                               1 

ThJckHKB  of  I  Lacing 
Ban-1. 

DlMBDceBacktoBackof  An^eaiDlDcha-d.                ' 

3  Ban 

a  Ban 

A"-l"- 

SI 

io( 

■' 

I4l 

i6i 

Ib 

r. 

Ib 

r. 

U 

TA 

I*    1    r* 

r* 

u 

r* 

V   1  '* 

In. 

lD.> 

In.< 

... 

In.* 

In.' 

In. 

In.'  [   In. 

In.' 

In. 

In.' 

In. 

In^ 

la.     : 

3'iM 

S-24 

11 

1.^0 

n 

I.S. 

71 

1.68 

"3  1 4-64 

167 

1.64 

211 

6.64 

105 

7.6! 

HI 

ig 

l.^M 

162  1  4.59 

;i40 

VS9 

111 

440 

H 

16 

1.S7 

208    4-S6 

S-'il 

41M 

6.14 

167 

4J:Ji 

9,91 

w 

4' 

2.01 

127 

LIB 

2o6    4-S6 

1°? 

?■?■: 

421 

6-11 

161 

7.1; 

" 

15-91 

1.04 

69 

2.08 

'93 

3.+« 

317    4-46 

472 

5-44 

6S9 

6.43 

879 

«l( 

I  Bars 
1"  =  1" 

2  Bars 

A"  -  1" 

loi 

lii 

Hi 

.« 

.8.       1 

1 

3i.?>"j 

.7 

1.66 

284 

198 

6.34 

68s  1  8.3;  , 

13.CJO 

17 

I.tK) 

19 

1-71 

*il 

4.12 

Ihl 

S.10 

^n 

7.27 

1.7U 

1.76 

291 

4-^7 

619 

6.2, 

7.1S 

11.44 

T6 

196 

7.11 

770  .  8.» 

15.00 

11 

16 

1.91 

271 

4.21; 

-;.22 

iT. 

77i 

7.  "7 

999     S.i6 

1 

18.44 

1.91 

71 

32s 

4.20 

491 

935 

7.12 

1213  1  S.11 

iBar« 

A"  -  1" 

2  Bars 

i"  -  i" 

loi 

I2i 

Hi 

i6i 

iSt 

S^M 

ll.M 

76 

2.SO 

79 

*.s<; 

24B    4.SI 

367     5-48 

,,i 

6.47 

679 

7-46 

87*  ;  8-45 

16.00 

2.(1 

2.qtl 

318    4.46 

472    S-43 

619 

87M 

7.41 

19.68 

iz8 

2.SS 

"1 

382    4.40 

571    !.39 

6.17 

7.16 

IJ74     8.;t 

19.00 

;i.W 

■i.U4 

370    4.41 

iS'    S-39 

y/u 

7-11 

23.44 

111 

1.0i 

3.06 

669    5.34 

917 

12r;i 

7.12 

27.76 

257  1  3.04 

26S 

3.09    517  !4-32 

777    S.29   1092 

The  above  table  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections  and  not  as  a  com- 

plete talile.     The  properties  of  other  sections  may  be  found  la  follows: 

The  areas  and  moments  of  inertia  of  four  angles  about  the  axil  J-A  are  given  in  Table  31.  fe 

equal  leg  angles;  Table  ]4,  for  unequal  leg  angles,  long  legs  out,  and  Tabic  34,  unequal  leg  an^b. 
ihort  legs  out;  the  aiii  A-A  corresponding  to  aiis  X-X  in  Tables.    The  radius  of  gyration  about 

axis  A-A  may  be  calculated  from  the  formula  r^  =   <I„  ■=■  A. 

The  moments  of  inertia  of  four  angles  about  the  aiis  B-B  are  given  in  Tables  35,  j6  and  37' 
the  aiis  B-B  corresponding  to  Y-Y  in  Tables.     The  radii  of  gyration  of  four  angles  about  the  iiii 

B-B  may  be  calculated  from  the  formula  rg  =■  V/g  •)-  J,  or  mav  be  found  from  Tables  j8, 39  '"^ 

40,  the  radius  of  gyration  of  four  angles  being  equal  to  that  of  two  angles. 

c.s.,=j  I,  Google 


TABLE  69. 
Propebtibs  of  Four  Angles  and  Onb  Plate. 


B 

PlaU  and  Ans 
Colimm  Sectkni 

Jr 

jt."!  "-" 

LooE  Less  Out. 
Idto  ofWeb  PUte  Pin.  i  In. 

s 

Serial 

Serin  I. 

SeriMlI. 

AnX. 

A?«. 

Anilei. 

Total 
Area. 

Plate. 

All.  A-A.      1      Axl.  B-B. 

Aii«A-A. 

A2isB-B       1 

U 

r>      1      1b      { 

ra 

lA      1      r. 

In 

^ 

In. 

In. 

In.' 

ln.< 

In      1    Ii.'    I 

In. 

In. 

In.t 

In.< 

In. 

In.' 

In 

8xi 

3«Jxi 

7.14 

81 

1.16 

10 

1.19 

3*«W 

7.76 

90 

16 

'■44 

jJiiixA    9-Jj 

1.38 

l« 

8xA 

3.18 

'■47 

*^^'1 

3 -35 
1.18 

"     1  1  10.94 

117 

141 

16 

1.71 

4131!     11.9a 
^    A^  14.48 

;s 

3-33 

37 

1.70 

i6/» 

^^^ 

SO 

1-77 

3-H 

41 

1.73 

194. 

S6 

lo.A 

3lx2iiA;  10.25 

iSi 

4.20 

21 

1.42 

11.49 

4.18 

30 

1.6> 

II. "l? 

tit 

2S 

'■47 

'I-OS 

231 

4.22 

^3-* 

^'?*i 

237 

1.6^ 

6it4il 

4.19 

119 

2.^6 

"I-^I 

4.1B 

44 

l.(x, 

20.47 

161 

4.10 

139 

lS-95 

179 

71 

22.71 

401 

4.20 

17-87 

J'S 

4.20 

6i+if 

1499 

440 

4.19 

iMl 

s»3i»i 

160 

98 

14.00 

412 

i6q 

^t 

26.2+ 

123 

sTlVx,'. 

489 

2.69 

.»rt, 

?8 

13.67 

1W 

S.06 

lb 

■'      1 

IS-9S 

413 

s.04 

6q 

w«i 

14.42 

3S9 

4-99 

37 

18.9+ 

481 

m 

119 

i.Si 

1.66 

"  A 

2.S6 

"    i 

60s        S-07 

476 

{S 

"1 

1574 

66s    1  S.08 

2.6s 

^ib 

300 

2.67 

lasj 

'^H'lt^ 

98 

6i4xi 

16^ 

S.00 

•■  '^ 

27.24 

683       s-oi 

5,00 

2.19 

19,44 

741      s-oi 

206 

"    hUms 

692 

S.02 

>3S 

"   i 

1,60 

794       S-oi 

228 

2.69 

"    i  \  19.24 

!.oi 

■49 

'  ?376 

849       J. 01 

249 

2,72 

The  above  table  is  ii 

tended  to  serve  only  as  ■  guide  in  the  choice 

f  sections  and  not  as  a  corn- 

plete table.    The  proper 

Example:  Requires 

the  properties  of  a  section  composed  of  4  ^ 

s''  X  3i"  X  A",  long  M 

out,  IJ 

i"  back  to  back, 

and  one  plate  11"  X  A"- 

Item. 

Ana. 

Moment  of  Inertia 

■           1- 

Radius  of  Gmtion. 

Axis  A-A. 

Axis 

B-q.      ,      a™ 

A-A. 

AxJiB-B. 

Ta 

.1  * 

Table 

u 

Table 

U          'A- 

]  r.  -  l-'ITi^ 

Id. 

■    1     In." 

No. 

la 

In.>     !            In. 

In. 

i^S'^si^A 

3 

14.12 

33 

40 

j6 

•Jl  V 

-466 

»  I9.37 

I  PI-imA 

1    S-^S 

3 

_6 

4 

9-37 

Totals       :  A 

DigilizeoDV  Google 


TABLE  70. 

PSOFERTIES  OF  FOUR  ANGLES  AND  ThRBB  PLATES. 


With 

FUtue  PlaUi. 

-  VndCh  ofWeb  Plate  Plu  |  In 


Kadll  oF  Cyiation. 


lis  [  1.71 

Z7S  ■  !■:' 

339  ■  :-7! 

348     3.:;  , 

446  ■  J.:'- ' 

J48     3.:i 

446    y-7 

47-94 

49.69 

56.69 

.   63.69 

J   70-69 

!  77-69 
I  84.69 
i  91-69 
i  98.69 


549 1  y-"- 

c;6  '   l.:: 


The  above  table  is  intended  to  ser 

plete  table.    The  properties  of  other  s 

Example:  Required  the  properti 

t,  12^"  back  to  back,  one  web  plate 


e  only  as  a  j;uide  in  the  choice  of  sections  and  not  as  i  cor 
ctions  may  be  found  as  follows; 

s  of  a  section  composed  of  4  .4  s"  X  3I"  X  A".  1™K  ^'■ 
[2"  X  A"  'nJ  two  flange  plates  12"  X  |". 


Item. 

Area. 

Radius  of  Cyiation. 

Axil  A-A. 

AiisB-B. 

Ari.A-A.      :      AiiB-B. 

Table  1      ■* 

Table        '* 

Table 

Ib 

rx-Z^^lrn-VlTTA    _ 

In. 

In..    1            la.            |-          In.            | 

2P1-I2xr 

33     1  14-1^ 

33 

3 

3,S9 

36 

4 

3 

8+ 
108 

\  28.37 

A  28.37 

Total       1  A  =     28.37 

/a  = 

82s 

/b  = 

192 

rx  =  S-39    1    ft  =  i-fe    1 

c.s.,=j  I,  Google 


TABLE  71. 
Pkofertibs  or  Fous  Angles  and  Two  Plates,  Laced. 


Laced. 
AdbIh  Turned  Ont 


mi& 


d  -  Depthoi  Web  PI 


11 


lii 


8"ii"  Web  PUte*. 


8.76  83  J.08  !■ 
:o.9i|io9  3.i6  j. 
11.00131,3.19^5. 

9-76  93  3.09  V 
;2.44'"3'3-iS  5- 
;S.ooiSi3.i7 

13.92  137  3,14 


9.76; i+j  3.82  6. 
11.91185  3.946. 
14.00' 124  4' "  " 
10.761593.8416. 
1 3.44' 1093.94  ' 
16/30,1564.00 

I4.9ili3i3.94',6. 

18.0018513.9816. 

.9i!333!3.99l6. 


>.76  2; 


+■52 


3l.ji. 


:.gi  iBS 
[.003434. 

:.76i+^+.57'8. 
14.44  3ii'4-72  " 
17.00  J91 4.80 

15.91  356  473  |S. 
■  --437+.8d|8. 
5124.8317.9  I 

1744  388  4.72  i7.7r 

21.oq48o'4.78|7.7'i. 

^563  4.80  7.6,1 


5.76  94  1-9.?  5.3  6.3 
[.911193.04  5.3  6.6 
;.ooi433.09:;.2     ' 

t76,'04>-97;5-i,  . 
1.441343.0;  5.0  6.7 
'.001513.09:4.9    7. 

;.92  148:3.05  I4.7]  6.9 
).oo  179  3.07 14.6  7.1 
1.92207.3.0814.41  7.i 


11.76 

"o>;;2 

87  is-4 

i4.gi 

10: 

17.00 

l!4,3 

01  jS-3 

n.76 

Bg 

16.44 

4';': 

97 

■l-o 

i9/>o 

i;3|3 

4-9 

17.92 

iwi 

08 

4-7 

190 

4-'; 

23.92 

11MI3 

Ul 

4-J 

i4-76."s'i-79V3's4 
16.92  141  1.89  ;.i  :5.8 
19.00  165:1.95  S.I  .6.1 

15.76  11611.8315.1 '5.6 


lo"ir  Web  Plates. 

1,16  i62'3r63  '6.;  '  7.3 
4.4110513,77,6.7  7.8 
^■S0244,3-8S  6.9    84 

3.26  179  3-68  ;6.7 
5.941229,3.79  6.7 
8.501276:3.86  6.6 


6.9 
1:" 
Web  PUtes. 


3  6.3 


6  6.; 


14.76183I3.S2J6.6  7.0 
16.92  126'3.66  5.7  7.5 
19-00265,3.73  6.8    "  - 

15.76,  aoo's. 56 '6.7 
-■i.44l2S0  3.67  6.6 
[.oo297J3.7^i6.6 

).92  27313.70  6.4 
1.003263.76,6.3 
;.9a  3743.78  6.2 


1 18412.96  5.0 

I  I 

I9.9i'i70  1.9214.8  6 
.96)4.6  6 

ij.9i^r- '^ 

lo"x!"  Web  Plates. 
:7.26io4'3.44'6.8|6.7 
[9.42  247  3.56  6-8  7-1 
11.50,2863.656.8  7-5 

i8.26'22i  3.486.7I6.9 
10.94:1713.606.6  7.3 
23.503183.686.6,7.7 

.4211943.626.4  7.5 
25-30,3473-69  6-3  7-8 
"       395  372  6.218.1 


2S6]4.: 


B.3  I  9.0  10. 
8.4  !  94  iS. 
I  8.5!  9.821. 


182  4.37  8 
3S84-'i3  8 
428,4.63  ,8 

1239214.5517 
04734.647 
11  54814-69  7 


.76'292  4.(7  8 

360  4.36  8 

..0O4l5|4.4S|8 

^.763184.1318 
5-44  394  4-39  8 
1.004644.49.8 

[.91  42S4.42I7 
J.00  509  4.51  7 
'■925844-57  7 
1.44*604.43  7 
^oo  55114.53  7 
'-44635,4-57  7 


24-004; 

,763; 
23.4 


24.92  41 


5004-39 

4644.3 

54! ■4.4 

30.92  620  4.48 

26.44 


4961. 
5884.43 
6714-r 


8.0 's.9 

8J3  9.2 

7-9  J9-6 
7.7  9.0 
7-6  9-3 
7-5  ,97 


D,=;,lz...,'Ct)t)g[c 


TABLE  71.— ConUnued. 
Pkofekties  of  Four  Ancles  and  Two  Plates,  Laced. 


Paul  AjiBia  and 


Aaslea  Turned  In. 


b  -  Width.  Back  to  Back 
of  AnEla,  for  Eqiul 

about  Axa  A-A  and  B-B 

iriien  Aniln  An  Turned  OuL 

e  -  ^me  at  t  with  Aagia 

Tunwd  In. 

rf  -  DepUi  el  Web  PUim  +  J", 


li 


il 


IJ 


II 


I4"il"  Web  Plates. 


1^ 


u 


+  14  s.os 
S10S.14 

6105.57 

6Ss  !.4o; 
79iiS-47i 


13.50 

.94  6i6|s.]o  t 

JS-So  747;s.4i  i 

".94  B67I5.47  ( 


.1  13.91,  6175.1 
.6  17.00;  741  s.is 
.1  29.92    848  5.3 


I  673S-'S  9-3l 
J  8045.26  9-3 
t   9^4  5-34   9-2 


518.4.77 
634'4.94 
734:S''>7 

6844.99 
799  S-"" 
90SS' 


95  9-S 
9.6  9.9 

9-7.10.3 


.0  36.C 


5854.67  9.6    ! 

S9ii4.84-  9-f'   : 

79".4-97|  9-'>  ■■ 

74l!4.89'  9.5    ■ 

8s6;s.oi  9-5  '• 

962  s-io.  9-5  « 

7B7  4-93  94  1= 

9185.0^'  94  i: 

10385.13  9.3  i: 


16"  xi"  Web  Plates. 


i6"»i"WcbPUtcs. 


i6"irWebPUtei. 


i6"iI"WebPhic 


3h?lx 


6x6i) 

::  1 


25.92I  873'5.8o'ii 

hozSs.9611 

;  1172,6.0611 

t   937's-a4't 
111135-99  It 

Im65's.90   < 
.1^136.02 
..  .t|i6+7|6-09| 
49.76,  i867|6.i2 


29.92'  9595.6611.0 
33.oo;iii4S-8i  11.0 
3S.92|ia5Bs.9i  ii-i  ia-3 

3I.44!i023  5.71  10.9  11.7 


9-7:13. 
9.6! 13.6 
9.5  14. 


■2515.78  9-a 
4995.91!  9.7,11.8 
48.4417335.98,  9.613." 

.76  19536.03'  9.5  13- 


1110445.53  io.gu. 
011995.6911.0  11. 
iii343S'8o".o^ii. 

4iioS';.6o'io.9  11. 
o  1284  J.74  10.911. 

4 '447,S-84.'0-8  "■ 

41336I5.68]  9.912. 

0,15845.81  9.811. 

41818  5. 89  9.7  13. 

■G  2038  5.94  9.G  13. 


37.91  i"9S-46io.<)i: 
41.00  1284  5.60  10.9  11. 
♦3-9*1*185.7011.0  11 

3944  "93  S-Soio-B  i: 
43.00  1369  5.6410,"  [i 
464415325.7410.(1  II. 

I         '    ^ 
45-44 '4»'-S-6o  10.!  n 

51.0016695.7110-1  1: 

5644  1903,5.81  10.0  1: 

'  .7611135.87  9.0  r. 


i8"xi"WebPUtei. 


l8"l!'' WebPliiti- 


^x! 


27.91  1171  6.+9  .  , 
3ix»  1373  6.66  11.6  13.7 

33.92  1561  6.78  ii.7  14. 

'     J^    I      ! 
29.4411566.53 12413. 
33.0014856.71 11.5 14. 
36.44 16996.82,12.6 14.5 

41.00' l884'6.78  11.5  14. 
46.4411916.87,11.3  15. 
51.762481  6.91  II. 1  15. 
56.91  2761  6.96  n.i  15. 


32.41  1293  6.32  12^  12.8 
35.5014956.4912.513.3 
"41  16836.62  11.613.; 

33.94'i378'6.38  ii.i  ii.< 
37.5016076.55  1Z.3  13., 
40.94  1811  6.67  ri4  i.3.< 

45.5020066.6411.5  14.: 
50.9423136.7411.3  14.7 
;6.i6  2604  6.8( 
61.4118846.81 


36.91  14146,19  i: 

40.00  1616  6.36  1: 

,9118046481: 

•44  l+99l6-l5  II 
.00171816.42,1: 
.4419426,541: 


4142  15366.09  114 

44.5017386.15  i;4 
4742  1926  6.38  114 

41.941621 '6.14  <2-I 
46.50  IS506.3I  IJ.I 
49.94JW64643K,.! 

54-502149643  IM 

59-9+i2SS6i6'!3  "4 
65.26  2B47  6.59  li,j 
704J3U76.66  11.; 


D,=;,lz...,CA)t)g[c 


TABLE  71.— CtiTitinutd. 
Pboperties  of  Four  Angles  and  Two  Plates.  Laced. 


Propertka  of 

Four  Aula  and 

Two  nala, 

iMXA. 

Anstea  Turned  Out 


Momcuu  of  lootl* 


29-9i;iS*S7'4l] 
jj/x>l779  7-34,"4 
3S.<»»I7,7.SY4 
i6347.ii'i3 
3S-Oo;i923  7-4i  13 
38.u|2i94  7-S8,i4. 

..  ,i436'7-53  IJ. 
48.4428287.64113. 
53.76  3iO!|7-73 


•'     i 
"    3 


II 


2o"ii"  Web  Plates. 


aa"»)"  Web  Plate.. 


3741*161  7.6o|js. 
40.503473  7-82|iS- 
4J42|2766|7-98,iS 

38.9422967-68  IS 
4J.50  2652  7.90  15. 
45.9+29888.07,15. 


3295  8.0 
37838.1 
42+9:8.33  I 


66.42'469S'8.42'i4. 
24"il"  Web  Plates. 


.617-    , 

.617-4^61 

.617.9 

.6I183 


SB.44 
63.76 


4*870  , 
0.33008.56 
4'3707  8.7s' 

4089  8.79 
4684  8.96^ 
5253 '9.  " 
58029. 


16.4I16.7 
.6.617.3, 
16.817.954.44 

16.2  1S.4 
16.2  1S.9 
16.2' 19.3 
16.2  19.8 


i  68-44  Si 
175.766: 
{  82.92  6> 
1 1)0.00  7< 


II 


34,9116916.9613.7,1, 
-  H94i7.i;  13.9  I' 
40.91 2183I7.31 14.01; 

36.44'iBoo7.03  13,6  14.2 
J.002089  7.23  13.8  14,8 
1.4423607.37  13-9. 'S-3 
i.oo:26oa  7.36  13.2  15.6 
(.4429947.49  13. 1I16.1 
i.76.3]68  7S7,i3oi6.5 
1.92,37277.64  12.9  16.9 
aa"il"  Web  Plates. 

42.9a  2383  7.45  14-9 '• 
46.0026957.6815.21! 
48.9229887.82115.4  1' 


t.44  2518  7.54  15.015.: 
S.00  28747.74  15.21;,: 
1.44  3210  7.90  15.4  16.: 


35177.93  14.6,16.5 

4005  a.o8  14.6  16.9 
4471 8.19' 14.6  17.4 
4920  9.27  14.6117.8 


24"i:l"  Web  Plates. 


.  ,  ;6|i5.3!i6.3 
35888.47' 16.5' 16.9 
39558.57116.717.4 

o'4377'8.62[i6.i!i7.9 
44971  8.79  16.1  18.4 
'6  554i'8.9i  16.1  1B.9 
12  6090  9.02  16.2 

o  5060  8.69  15.3  1S.5 
4S82!8.8si5-2  19.1 
■665568.96  15.1  19.6 
1272649.0415.019.9 
o  7941  9.10  14.5    - 


39.9218586.8313.613.5 

43.00  2lI2'7.03'l3.8|  14X3 

4S.9i'i350,7-i5  13.9,14-S 

41.U  1967.6.89  13.6  13. 
45.00115617.0813.7  14.3 
48.44,1527:7.23:13.914.8 

53.001769,7.23 13.3'  ^ 
58,4431617,3613.115.6 

63.763S3S:7.4S  I3."    ' 
68.92389417.5212.9 


'ij"  Web  Plates. 
;|2605  7.3^  i4.9|"4-3 
>U9177.S3  iS-'H-e 
132107.67  15.3,15.3 

117407.41 
1,30967.61  ,, 

.■3432  7.76.i5.3  IS.7 

1 37397.80  14.6  16. 
142277.93  14.6  16.5 
14693  8,05  14.6  16.9 
I5j4^'8.is_i4.1i7:i 
'xl"  Web  Plates. 
I3446'8.03|i6.i|i6.0 
138768.15  16.4  16.5 
14283  8.42  [6.6  16.9 

1+6658.4716.017.. 
152608.64  16.0  17.9 
i  5829  8,77' t6. 1  18.3 
i,6378  8.88  16.1  18.8 

'53488.56  15.3  18. 
^  6113  8. 7215. 2  18.6 
i6844  8,S4'i5.t  19.1 
:'75S2  8.93  15-019.4 
18229  8.99  14.9  19.7 


•Bgl         .  . 
N,       9-1 


44.9i.6.72!"3.S  13.0 
48.00, 6.9o;i3.6  13.5 
50.927.03  13714.0 

46.446.78113.513,3 
SO.oo6.96'i3.6:i3.8 
53.4+ 7.10 '3.7  14.2 

S8.007.12I13J14.2 

63.447.24:13.3114.7 

68,767.34.13.1 

73.927,42^9^^57 

i2"ii"WebPlat£fi. 


53.927.2414.! 
57.007.43  15.1 
S9.927.57,  IS-: 


554*7.3015.114.2 
59.007.5'  15.114.7 
6244  7.65  15.1  15,3 


67.00j7.69 
7^.44  7.8J 
77.767.96 
82.92,8.04 


14.6  15.6 
-4.616.0 

_i4.sli6.9 
/eb  Plates. 

oUJ  1'"° 


76.448.531' 

81.76  B.66,i( 
86.91j8.76  i( 


93.768.72 
: 00.92  8.82 
(08.00  8.89 


15.317.5 
i5.3i'8.o 
15-3  18.S 


D,=;,lz...,'Ct)t)g[c 


TABLE  lU—ConHnued. 
Pkopektibs  of  Four  Angles  and  Two  Plates,  Laceu 


...J'...               !■ 

'°%«r'    ^-\J^  1  j:. 

1.    "S&TS^ 

lA            ■bout  Axa  A-A  Bod  B-B 

t^str    itt-I-x  J    Lm^st 

***r**  iunml  In.                          r —  — ™^                       ^' — -  .JJ-f             .      rij  .jii  'j  W.  1.  rLj       i  iw 
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44.44    1903  ,6-55 

1300  5-4 1 

47.94 

1171 

5--(S 

5i.44'20i7  6.i6;i44i  s.z<,\ 

iVi 

39.00    1494,6.19 

IZ03   5.56 

1551   6.0+ 

1276 

5.48 

46.00!  1608  5.9,    ,345  541 

43.50   1760  6.36 

1315  5-52 

47.00 

■197 

5-45 

50.50!  1874  6.09;  146*  S-!"] 

48.00   1034  6.51  1  1446 '5.49 

1091   5.3° 

1519 

5-41 

16"  X  i"  Web  Plate.. 

16 

'  X  i"  We 

Piatt 

16"  X  i 

Web  Plales.     j 

!l»!|.i  10, 

41.92   2234  17.30  11716 '6.40 

.863 

6.,7 

49.91    1405  :6.94  .  1004  6.34 

" 

46.92   2621  I7.48    1883 '6.34 

;o.qi 

1707  7.19 

2030  6.31 

54.91  j  2793  I7.13I2171  6.:.> 

51.92   30"  7.63    2049  |6.i8 

ts-qi 

3107  7.46 

S9-9^.3i93'7-30'»337  6.:' 

53.00   2560,6.95    2191  64; 

50.00  i  2777  17.45  1  2o6g  6.43 

;4-oo 

1861  7.28 

2117  6.41 

58.00   2948  7.14    1357  6.;' 

55-00   3(77  7-56,2136  6.4s 

i;9.oo 

3161  7.44 

2383  ,6.35 

63.00,3348  7-30  asM  "■:•} 

,■411  '  m 

.797I6.15 

51.441146916.9311915  6-i; 

48.44   2686I7.44,  1840  6.16 

52.44  i77 1  7-17 

1964  6.12 

56.44  j  2857  |7-l»  ,1082  6.C- 

51.44)3257  7.28,2149  6.=: 

4X4xi    sm 

55.00,2645  5.94  1  2110  6,;c 

S2.0O   2H6z  17.42   2035  16.26 

56.00 1  2947  7-26 

2158  5.21 

60J3O|3O33  |7.ii    2277  t-i' 

"      1   " 

57.00,3262  ^7-SS    2202  6.22 

61-00!  3347  7-41 

1325  ;6.i9 

65-00   3433  T-I?  1 1444  ,'-■1-' 

c.s.,=j  I,  Google 


TABLE  72.-~CoiUinued. 
Pbofbrties  of  Four  Angles  /nd  Four  Plates. 


jB 

~n 

PogTPlMa. 

Irf:! 

d  .  D^  dT  Wtb  P1.M.  Phu  1". 

S«ia.,.««i3 

Serial. 

Sericai. 

S-^3.                      1 

1 
1 

1 

AX1.A-A. 

A^B-B. 

i 

Axil  A-A. 

AxiiB-B. 

i 

AiuA-A. 

All!  B-B.  1 

•B 

Si»of 

} 

|i 

J^ 

j 

|i 

Jl 

P 

i 

} 

Jl 

Jl 

si 

li 

A 

I* 
111.' 

r* 

tB 

^ 

A 

u 

Tj, 

Ib 

'B 

A 

I* 

rx 

Ib 

'« 

Id. 

In 

In.* 

In. 

In.« 

In. 

In." 

In.* 

In. 

In.*    1    In. 

!>>.• 

In.< 

■  ■>. 

!».. 

In. 

18"  X  i"  Web  PUtra. 

IS"  X  i"  W=b  PUw». 

18"  X  I"  Web  Plate..      | 

ii>3i'i 

XXZ 

19.91 

31^8 

7.97 

IS 

7.17 

7.76 

2780 

7.16 

7.60  1989'7.IJ  1 

3bW 

B.i; 

7.10 

3K0; 

7.98 

3002 

7-81 

7.06 

w.gi 

422. 

5:8 

3008 

7-03 

.14^ 

43';i 

3224 

7.02 

69.92  447: 

H.00 

141J 

7.01 

'*-?>'* 

i3.oo 

2801 

7.27 

V?.SU 

1481 

7-79 

3018 

7.25 

62.00  I360; 

T.63 

<;S.SO 

1881 

8.16 

1021 

7.20 

i,.oo 

400^ 

7.98 

3219 

M7 

67.501413] 

7-82 

^i"; 

4.00 

4+1' 

(HS 

7-t1 

4.S.« 

B.15 

Ufa" 

7.1 1 

7J.a> 

4671 

S.00 

7.09 

43C4i| 

221 

-Ji-M 

1H1 

7-94 

24H4 

6.9S 

"■94 

^364 

7.76 

2669 

6.91 

60.4+ 

i486 

7-« 

284q 

5.87 

56-94 

1771 

270^ 

65-94 

4U1^ 

wn 

■2.44 

21)27 

441f 

b.Hi 

*^* 

S?.oo 

147; 

7-9S 

2734 

!9.S0 

1S91 

7.77 

1919 

7.0( 

17''! 

7.62 

logc 

i.96 

JO.  so 

ii,i,(, 

7.U0 

3141 

69.50 

4241 

H2i 

5.92 

4';4^ 

H.10 

,178 

6.g4 

70.50  466s 

3163 

6.9. 

75.00  !4786,  8.00 

1U1 

5.88 

20"  X  §"  Web  PUtcs. 

20"  X  1"  Web  Plates. 

20"  X  1"  Web  Plate*. 

.4x;>^i 

44161  8.83  1  3717 

ii.oa 

12.00  I4S93 

8.6  [ 

il.O0 

SI 27    9-M'4ooS 

7.98 

58  .CM  5293 

8.83 

4319 

7.98 

73.00  !s46c 

6s  4615  7.96 

;844 

9-22  i  4293 

74.00 

<J.OI 

7.89 

79.00  i6i7( 

> 

85  4913  7.89 

!i>3i'l 

24JI 

4661 

J.IK 

b4.92 

4811 

H.61 

5.1, 

* 

i?.92 

^K-i 

9.02   4287 

70.92 

';sn 

8.84 

460I 

75.91  569f 

67  4907  8.04 
86  51957.96 

71-92 

9.22 

4';7i 

7-9« 

76.92 

ttv. 

9.02 

4889 

7.97 

81.92  6416 

8 

414^* 

I4X 

S9CO 

4^:71 

H.80 

3640 

14.00 

4737 

«.6o 

3916 

7.84 

69.00  4903 

S 

44  418417-79 

is  .00 

s^ri 

9.01 

192b 

777 

70.00  5437 

4104 17.78 

75.00  5604 

55  4472  7.73 

S9Bi 

9.18 

4116 

7.71 

76.00  61  ss 

81.00,6322 

!■ 

♦x^l 

241 

i2.44  4841 

19<;2 

7.96 

>7.44  5008 

4228  7.92 

71.44:5174 

45  44967.88 

>8.44  SS4= 

g.oo 

4240 

7.K7 

73.44  5708 

78.44 1 5875 

S 

56  4784  7.80 

74.44  ,6*5? 

9.17 

4^18 

79.44 .6416 

9.00 

4804  778 

84.44  i6s93 

ti 

'5  !5072'7-76 

22"  X  1"  Web  PUtM. 

22"  X  i"  Web  Plates. 

12"  X  i"  Web  PUtra. 

JiV>-i 

2Sx 

70.00I6933I  9.96 

63S'  :9.S3 

7^-<io 

7i';5 

9.74 

6894 

9.S6 

81.00  7377   9.55  ;742i;9.58 

77.00  i7930|'0-iS 

i2.50 

*.w 

88.008373    9.76:78799.47 

(9.^0 

ii^^M 

?2.92  7226   9.96 

6758 ,9.63 

78.41 

744H 

9-75 

7102 

,.6C 

83.91.7670    9.5678309.66 

r9-92  ,8223.10,1; 

721619.SI 

*W^ 

*445 

go.92  8666   9.76  8287  9.56 

B6.92 

924210.31 

7673 .9.40 

92.42 

9+64  10.13 

8117 ,9.43 

97.929686   9.95  J8745  9.45 

4141! 

281 

72.OQ 

7112  9.9s 

6276 19.34 

77.50 

7334   9-74 

6764  9.3s 

8V00 

7556  9.55  !7i4a'9-JS 

79.00 

^109 10.13 

6733  9.24 

i4.50. 83311  9.94 

7222  '9.25 

i55i;  9.75  .76999-15 

281 

JI2B  10.30 

7I9I  9.IS 

91.50  93!Oio.'i 

7679  9.16 

9572,10-0418157,9.17 
7891    9.S6  17697  9-45 

7«a  9.94 

86.44 

i2.44 

?U!i  10.12 

»9-M 

94641 10.18 

7646 ,9.26 

94.94  9686:10.11 

8134 .9.26 

100.44 

9908    9.96j86ii|9.26 

D,ti,.n,  Google 


TABLE  73. 
Pkopbktigs  Of  FouK  Angles  Laced  and  Eight  An(h.e3  Battsnsd. 


F«uAii«l(a. 

\^ 

EUhtAnds. 

r<-:    ■*! 

4 

T' 

f,"'^" 

^t 

^"Sj-^I 

"i 

L      -L 

h^ 

Batt 

%-J  1 

, 

fcvA 

A 

ened  CCrur  Cohnnn 

LKcd  (Boi  Column). 

1 

Sbe 
of  AdsIc*. 

Ana 

A^A-A. 

„&. 

a» 

AjdsA-A-                 I 

1! 

11 

1! 

11 

1 

H 

•Za 

II 

i 

Ia 
In.' 

r* 

I* 

TA 

Ia 

TA 

I* 

'A 

>* 

TA          I*        r. 

In. 

Iii.t 

In. 

Id.> 

In.  !  In.<  '   In. 

In. 

In.' 

la.' 

In. 

In.* 

In.  ,  In.*     L- 

VbIiu old  Id  Inches. 

Value  of  d  in  Inches. 

81        I       tol 

I^i 

"i 

I4l       !      '*S 

■;.7fi 

R^4 

1-48 

(67 

44<; 

I4< 

S'44 

i6.Bg 

263 

1.9^ 

362 

:;2  S^s::; 

130 

1'44 

s'4 

4.41 

JK 

S-19 

338  |3-9* 

466 

10* 

»i 

I4i 

I2i 

Hi       ;      "6i    i 

3^ix 

4.38 

284 

39f 

fi.31 

3i^3lx 

i<).84 

106 

13.00 

441 

4.3^ 

3f., 

■J-ID 

■Jii 

26.00 

I'M 

1.89 

ire 

♦■S7    7i('|5-:- 

I  J. 9!      »9i 

4.18;  440 

^26 

(-.24 

31.84. 

1.87 

I3i 

Hi 

i6i 

14I 

i6i    ;   .8i 

4141 

11.44 

,■6 

...6 

444 

6.21 

^96 

7.22 

4I4X 

22.88 

477 
618 

t-?6 

628 

5.24    8M:5-'-' 

I5-00 

ST'! 

77: 

r-17 

4-^4 

5.21   l<Hi!!---; 

18.44 

49' 

69s 

935 

7.12 

36.88 

7SO 

4'?' 

990 

i;.i8  I267i5.'  ■ 

.6i 

i8i 

20i 

181 

»    1   rt 

6161 

17.44 

814 

6.87 

1072 

7.84 

1.8 1 

6>6x 

46!oo 

1180 

^82 

1461 

6^8   I78i;7-i* 

J3.00 

1071 

7.7'> 

1914 

28.44 

no6 

^-77 

2161 

J.72 

?6.88 

!.76 

" 

13-76 

1526 

6.72 

1996 

7.68 

ms 

" 

67.52 

2216 

5.73 

I7SS 

6-39|33*or:: 

The  table  ^ven  »bovc  ii  intended  to  serve 
only  M  »  guide  in  the  choice  of  Bcctioni  and  not 

The  Uble  given  above  is  intended  to  sent 

only  as  a  guide  in  the  choice  of  sections  and  do: 

as  a  complete  table.      The  properties  of  oibe; 

sections  may  be  found  at  follows: 

Example:    Required    the  properties   of  1 
column  consisting  ol  8  /i  4"x4"xJ",  battenci 

Example:    Required   the   propertiea  of   i 

Uced,  Ijlin.  backtoback. 

iSl  in.  back  to  back. 

Solution:    Table  ]Z  evidently  applies   to 

Solution:    From   Tables   J2    and    jj   ist 
moment  of  inertia  about  axis  A-A  equaU  64: 

with  legs  turned  out. 

+  43-688  in.'  and  the  area  equals  I  X  iS^x. 

Area,  from  Table  3*  -  15.00  in.* 

—  jo.oo  sq.  tD. 

1„  -  1^,  from  Table  ji  =  467  in.* 

The  radius  of  gjratioD  equal* 

rj,'-^I„  +  A  ^  <^6j  +  15.00  -  5.58  in. 

r  "-Jl  +  A-  V688  +  30x0  -  4.79  '"■ 

c.s.,=j  I,  Google 


ThiH  PlaUL 


TABLE  74. 

PSOPBKTIBS  OF  ElGKT  ANGLES  AMD  TBKEE  PLATBS. 


b  —  Wdlh  of  I 
PliuOn 


"poiBJdH. 


Vi 


3*xjixl 


46.84 

S9-7S 
72-34 
60.00 
74-38 
88.52 
71.14 
86-37 


130.52 
IS  1-34 
171.00 
146.17 
ig7.84 


3*38 
*oil 


11139 
13083 
17447 
20234 
23001 
21081 
a445fi 
27809 
»7369 
31433 
3S477 


832 
917 

917 


12.71 
12.71 
13-67 


1976 
i43i 
2875 
2708 
3»8S 
384s 
33  S6 
4070 
4767 
70JI 
8102 
9168 
8376 
9672 
10943 
10456 
119SS 
13496 


S-06 
5/)6 
S-74 
S-71 
S-70 
6.16 
6.16 
6.16 
6-69 
6.69 
6.68 
746 
7-44 


7-99 
7-98 
8-4S 

8.4s 
8-4S 


Eztunple:  Required  the  propertie*  of  a  section  composed  of  >  10  X  f  web  plate,  ti 
X  1"  S*nge  plates,  four  4"  X  4"  X  i"  inside  angles  and,  four  6"  X  4"  X  ]"  outside  angles  fa 
by  4"  legs,  d  —  K^",  i  —  241", 


Area, 

Mamm  oTlDHtii. 

Ridiui  of  GynnoB.      | 

"™- 

A:<l.  A-A.      1      A^  B~B. 

All.  A-A. 

A,I.B-B. 

T.bl. 

A 

T.b.,          •*       lT.«e 

Ib 

-v'lT^A- 

->/iiTA 

In. 

In.' 

"•'■  1 1.^ 

lo.* 

iB 

I-Wb.  PI. 
2-Fi.  Pis. 
4-Ins.  A 
4-Out*.  << 

20X| 

a4xi 

i 

12  SO 
36.00 

iS-oo 

27.76 

3          417 

S        3971 

J2           1222 

4 
3 
3S 

1718 
S6 

JTSK 

\91-16 

vS 

Total  . . 

A  - 

91.16 

U  -  ,  7S06 

U- 

sws 

Fa  -  9.07 

re  -  7-SS 

,0,  Google 


TABLE  75 

Elements  op  Z-Bak  Columns 

American  Bridge  Company  Standards 


ia! 


if  XJ     Xii 

■HX!     XM 

»!  xjAXil 


SHKDAU)  DmKHSIOMS 


II 


li  X4     Xil 

2ttX4AX2H 

3      X4i  X3 


jAX4  X3A 
3t  X+AX3i 
JAX4(  XjA 


jAX!     X3A 

3i   XsAX3i 

3Axsi  X3A 


III? 


3i  X6  X3i 
3ftX6AX3A 
Jt  X6t  Xjl 
3i  X6  X!l 
3AX6AX3A 
31  X6i  X3i 
3i  X6     X3i 


.Sf^ 


fA 


106. 1 

1184 

31.;: 

Uf4 

'J<>-9 

lK.;c. 

117-9 

40.  ?c 

149.b 

47*4 

c.s.,=j  I,  Google 


TABLE  77. 

Pkopbrties  of  Chord  Sections. 

McClintic- Marshal  Construction  Co.  Standards. 


" 

Lot 

n 

T 

«  Legi  Turned  Out. 

^cS^^*S- 

1 

p  of  Plate  1"  Below 
Bui»a(  AnglM. 

2 

1 

AiiiA-A. 

AiiiB-B 

3 

1 

1 

3 

AxLiA-A. 

Ada  B-B.| 

i 

1 

li 

■3d 

S-3 

g5 

53 

1 

a. a 

^1 

1 
1 

II 

^1 

li 

i 

li 

^1 

•3 

II 

11 

fl 

s 

5. 

11 

1 

■3 

1 

I 

=^5 

11 

Hi 

II 

^ 

JL.  '■ 

'. 

Sa 

« 

J^ 

'B 

~A~ 

u 

r* 

s* 

^ 

_!l 

TB 

In.      '          In. 

In.' 

In.' 

^ 

In.' 

i^ 

iSuli^ 

I.. 

In. 

In.< 

In.< 

±L 

J^ 

i^ 

_^ 

5xi  11  Xl  Xi 

liXi  Xl 

J.38 

,,  I 

6.3 

1-77 

1.7,  .70 

loXi 

2iX2iXi 

4.88 

47-2  3-10,15-5  3-04 

3-' 

.So 

J.61 

II.7 

\m 

7.1 

1.66 

3-1    -93 

ilXiixA 

5-44 

50.i3.O3'i7-8|i 

82 

3-9 

■85 

1 

3  Xl  Xi 

4-88 

49.313.19  i6.8|2 

93 

5->:'-03i 

7X\  '1  Xz  X 

J.63 

I7.ri.i7 

9. 111.87 

1.7*  .68 

3  Xl  xi 

5.12 

49.3:3.09'7.oi 

90.  5.2;  1.00 

2IX2  X 

3.87 

17.81.14    8.9'i.99 

3.1    ,90 

5-7+ 

Sl.2j3.02  19.61 

J  Xl  X 

413 

18.71.13  10.01.87 

5.1  1. 11 

3iXi  Xi 

k^S 

51.313.0918,51 

77    S^0il!22 

3   XiiX 

4-J7 

■"•'i"',  'T* 

....0, 

3ixi  XA 

4  X3   XA 

6.06 
6.68 

54.02.9911.22 

55.712.89  22-8  2 

55  10.1:1.29 

4414.8 1.49 

iXi    1   Xi  Xl 

3.B8I  14.4'l.Sl'  9-8'l.48 

1.7   .66 

' 

2   Xl  X 

4.11    15.61.4910.9:1.34 

]..    .87 

loXft 

liXi  XA 
3  Xl  Xi 

6.07 

58.63.10:19.13 

07 

4-" 

.81 

2  Xaix 

4.3R    15.61.42 

11.01.33 

J.I    .84 

S-7S 

57.63.16:18.23 

(6 

5-^ 

.96 

2  XsiXA 

4.94    17.1  1.34 

11.51.16 

3.9    89 

3   Xl  XA 

6.37 

6..1IJ.1011.01 

91 

6-7 

3  Xl  X 

4.38    16.81.47 

ll.i'l.ll 

SI  109 

3iXi   Xi 

6.01 

6o.o'3-i6'l9.8  3 

s^ 

8.2 

1-17 

3   Xl  X 

4.61    16.81.41 

IJ.l|l.l2 

c.11.06 

3IX1  XA 

6.69 

63.4'3.08;ii.7i 

80 

10.3 

1.2; 

■  3  Xl  XA 
3iXi   X 

S.14I  28.7 

1.30 

13.6'2.04   6.51.11 

4  X3   XA 

1-3' 

65.512.9924.3'! 

69 

'1' 

1-44 

4.88:  27.9 

2.39 13.31-10  8.01.18 

4  X3  XI 

8-09 

68.3  1.91  27.1  2 

s« 

18.2 

1.50 

34x1  xA 

5.56   19.1 

2.1915.1 1.9410.1:1-35 

S   X3   XA 
5   X3   xi 

7-93 

69.1  2.96  17.8  1 

49;i8-7;"-9l 

! 

8.8s 

72.1  2.85  31. iji 

3134-4  '.97 

iXA^iXi  XA'   544    317 

2.41  13.5  1-35   4.1    .87 

5  X3iXA 
S   X3|xi 

8.1s 

69.311.89:17.6.2 

51  18.8  1.87 

3   Xl   XI  '  S-ii    3>-3M7,ii-9i.4ii  S.3;i-M 

9-13 

7i.4;2.8i;30.8i 

35  34-6  1-94 

'3   Xl   XA    5-74'  33-1 1-40 '4.8  1.14'  6.71.08 

1        1 

3iXl   Xi  '   ?.38,  31.6,2.4614.11.30,  8.1I1.14 

loXi 

3  XiJXA 

6.99 

69.513. 1S22.2  J 

13    6.9    -99 

Jixi  XA 

6.o6 

34.3  i.38;i6.ii.i3|io^  1.31 
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4829 

S39I 

8.52 

9.00 

•Sp 

acing  oF  rivet  lines  o 

f  web  greater  than  30  X  thicki 

Kss  of  plate.                                     1 

D,t„.n,  Google 


TABLE  M.-~C<miitMud. 
Pkopbrties  op  Top  Chord  Sectioks. 


Top  Cbonl  Scclknu. 


RadU  of  G>T. 


"794 
I79S 
1796 
•1797 
•1798 
'799 
iSoo 
1801 
•1802 
•180  J 
.8<H 


56.  J9 
59-34 
6^.09 
64.84 
67-59 

57-67 
60.41 
63.17 
65.91 
68.67 

58-75 
61.50 
64.25 
67.00 

69-75 


8.80 

91 

?4M7 

4.1 

567*. 

8.64 

9=^ 

5046 

9-01 

9.: 

^243 

9.! 

9-! 

8.77 

SSiB 

8.69 

9-" 

•1807 

•■f 

281J 

6x41* 

4U6 

,601 

8.67  ■  9-*': 

2M 

«M 

1809 

■•  a 

62.97 

*-53 

4^fM, 

Ml 

8.5J   '  9-S! 

1810 

"1 

" 

" 

" 

65.71 

2.41 

47  <4 

6}U) 

•181 1 
1811 

•Jf 

281I 

4^1 

6i^ft 

S8.59 
6I.J4 

a-53 
241 

4630 

g;; 

8.76   1  9-9; 
8.68      9f 

181J 

"H 

4756 

8.61      9-" 

1814 

"  1 

" 

" 

" 

48H1 

6490 

8.SS      9*^ 

•1815 

i8i§ 

"xft 

28x1 

4^i 

6x4xt 

4666 

8.84      9-97 

■'I 

62,44 

8.76      9-9i 

1817 

65.19 

4916 

6421 

1818 

"i 

" 

" 

" 

67.94 

2.01 

S038 

6658 

8.61      9-9<' 

•1819 

a"A 

28II 

4x4x1 

6X41H 

60.77 

2.09 

481B 

6108 

8,90  i  10.0: 

1820 

63.5a 

»; 

8.81     10.00 

1821 

"    i 

1811 

" 

" 

" 

69-02 

1. 84 

!l«l 

6827 

8.67  j   9-95 

•  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  ptate. 
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TABLE  S4.—CotiHntied. 
Pkopbxties  of  Tof  Chord  Sections. 


r' 

? 

W^ 

r 

1 

PcQpeniea 

^..ji 

-1— i* 

f™/^ 

Top  ClKHd  ScctioH. 

J.J     LI 

Plain. 

Anghs. 

ECCCD- 

Mo^Uof 

Radii  of  Gyra-  1 
tioD.           1 

GniHARa. 

Axu 

Aiii 

Aii« 

A>i> 

"""• 

Web. 

CtoVCT. 

Tod 

Bottom. 

A 

c 

I* 

iB      1      r^ 

'« 

Inch-. 

iDCtao. 

iDcbo.     1     Iach«. 

Incbetf. 

lochs. 

India.. 

iBdM*-.!  Idchn. 

todu*. 

■1813 

2..A         i8t1 

414^1        6i4ii 

61.8s 

1.B9 

49« 

6175 

8.96 

10.07 

I8J, 

64.6S 

1.81 

So8« 

6s  iS 

8.87 

10.04 

.!JS 

::  '     :; 

67-3  S 

1-73 

I206 

6757 

8.79 

1826 

1.67 

S32S 

6994 

8-7»_ 

9.99 

14"  X  n"  S«tion.    A  Strk*.                                                               | 

•.!.r 

.4. 

".'!' 

3i«3i»A 

5'^.H 

60.62 

3-'»  1  5138 

5655 

9,21 

9.66 

1818 

"!* 

6i.6i 

i.86      S308 

S919 

913 

9.U4 

1819 

" 

66.61 

1,73 

S476 

6174 

9.07 

9.6-j 

*l8jo 

v^ 

"^.' 

3ii3.UA 

s^jJiA 

61.56 

2.79 

S318 

5789 

9.29 

9.70 

Ujl 

64,6 

1.66 

S«S4 

6051 

9.21 

9.68 

i!j. 

" 

" 

" 

67.36 

^■S4 

J648 

630a 

9-iS 

9.66 

•■B3J 

-j. 

".^' 

3ix3i»A 

S13W 

61.46 

2.60 

ffi 

59. 8 

9.37 

974 

■»J« 

65.46 

2.48 

6179 

9.29 

9.72 

■■)! 

" 

" 

" 

68.46 

1-37 

5809 

6437 

9.11 

9.70 

•lBj6 

wl 

27<i 

j^iiA 

!"!!"H 

6j.j6 

1.4 1 

S644 

6048 

930 

9-77 

■8)7 

"h 

66.36 

2.30 

5804 

6309 

9.75 

1!]8 

"P 

" 

" 

" 

69.36 

S964 

6567 

9-18 

9-73 

•■8,9 

v!. 

>7.i 

3U3ixft 

s>jW 

64.24^ 

1.13 

579* 

6179 

545. 

9.B1 

1840 

t» 

67.H 

1.13 

S9S0 

6440 

9¥> 

9-79 

1841 

"i 

^70.34 

2.04 

6107 

6698 

9.3* 

9-77 

14"  X  n"  Sect™.     B  S«ja.                                                                       | 

•1842 

'I'f 

"."• 

wiA 

614.1 

60.00 

1.91 

5*96 

5371 

9.39 

9-46 

•■845 

63!oo 

2.78 

5464 

9.31 

9-43 

,844 

::? 

66.00 

2.6s 

S631 

S844 

9.14 

9.41 

184s 

" 

" 

" 

69 

00 

2-54 

S797 

607S 

9.17 

9-39 

•1846 

"ip^ 

";' 

wjA 

'if* 

61 

li 

1.66 

SS06 

SS39 

9-49 

9.51 

■1847 

64 

2.S4 

5670 

5767 

9.40 

949 

1848 

"  I 

67 

1-43 

5832 

6001 

9.32 

946 

■849 

70 

11 

1.31 

S994 

6131 

9*S 

9-43 

■1850 

.jxi 

17,1 

4Jt^A 

6«i| 

61 

Zl 

*-43 

S701 

5684 

9-S7 

9.56 

•l8ji 

65 

2.32 

5863 

S9« 

9.48 

9-S3 

ISSI 

;;  J 

68 

60ZI 

6156 

9.40 

9.50 

■»S] 

71 

6181 

6387 

9-32 

9.47 

•Sp 

acing  of  rivet  lines  0 

f  web  greater  than  30  X  thickncsa  of  plate.                                     | 

D,t„.n,  Google 


TABLE  S4.— Continued. 

PaopKBTiEs  OP  Top  Chord  Sections. 

Top  Chord  SecUanfc 

Ai 

1_ 

If 

u 

Four^jgle. 

fl 

Th«Pl.U. 

_, 

r-l 

=.1                 li 

A 

SectlOD 
Number. 

PteM. 

Ansk* 

Moment*  of 
luerUa. 

"— ^°»'; 

Web. 

CoT<r. 

Top- 

iridtj-. 

Alia 
A-A. 

Alia 

/Si  is 

A 

c 

u 

'*  !  " 

Inchei. 

i.d«. 

iDCbM. 

iDcha. 

,,0^. 

tocba. 

locbe.*- 

Incba'. 

I»:ba.|I«^ 

IS56 

I8s7 

Tf 

":• 

wA 

6iM(f 

6J.JO 
66.30 
69.30 
71.30 

1.93 

6197 
6353 

6312 
6543 

9.64  9'i 
9-SS  9--> 
9-40  1  9r 
9-38  '  9-i' 

•i8s8 

1861 

=1 

■7;l 

4Jt4iA 

6ipi 

64.3> 
67.3» 
70.38 
73.38 

1-99 
1-90 
1.81 

6061 
6217 

6371 
6(24 

9.71      9-^ 

9.61        9-6-- 

9.52      q.;. 

34"  X  a8"  Sectkai 

.s^                                             1 

•1862 

T|» 

28;| 

3ix3i3A 

s«i.! 

61.14 
64.1+ 
67.14 

a.82 

S"?o 
SS3I 

6232 
6521 
6808 

9.14  !  loc- 

9.07    ;  I0.» 

■]'S. 

1867 

T» 

»»;' 

3i-3.iiA 

mlift 

61.18 
65.16 
6S.I8 

'4 

2.63 

S37» 
SS39 
.S707 

6953 

9.29  1  10.1; 
9-22    ,  10.11 

9.  IS      io« 

•1868 

T» 

j8i( 

3iJi3ixft 

i«W 

69.OS 

2.70 

5S40 
5706 
S869 

6518 
6807 
7094 

9-37  1  iDi- 
9.29  10.1; 
9-21   .  10.1? 

1873 

T' 

»B;1 

3ix3.iiA 

S«}.H 

66.9B 
69.98 

2.50 
2.39 
1.J9 

ii 

6659 

9.44  !  '0.--0 
9.36  :  ,o.r 
9.28     io.[- 

•1874 

187s 
1876 

T|» 

.8j| 

3ixjhA 

■' 

64.86 
67.86 
70.86 

1.32 
2.IJ 

6014 
6172 

6791 
7080 

7367 

9-SO     10-=! 

9^2       lO-lT 

9.34    10.19 

14"  X  38"  SecUwi 

B  Serin.                                                             1 

•1877 
•1878 
1879 
18S0 

M^ 

I 

IS.1 

4J^;!A 

6^,1 

60.62 
63.61 
66.6a 

69.62 

Hi 

!35i 
S8SS 

5930 
619s 

64S7 
671S 

9-39  9'^' 
9.31  i  9.S7 
9-14  9-84 
9-17  '   9'- 

*Sp 

acing  of  n 

vet  lines  0 

'  web  greater  than  3 

0  X  thicknew  of  plate.                                 J 

c.s.,=j  I,  Google 


TABLE  M.—CtmliHued. 
Properties  of  Top  Chord  Sbctioks. 


f 

r-l' 

TT^ 

~r- 

^op  Chord  SectloDi. 

Three  Plato. 

1 

4"" 

\--   ■     -1- 

4J    i.-Ll 
'       J. 

Plata. 

Aotk*. 

MamenU  of     1  Radii  of  Gyia- 
Inenla.         |           tk».           | 

>^:;^. 

Web. 

Covet. 

Top. 

tridty. 

All* 
A-A. 

MU   !    A>l. 
B-B.  i  A-A. 

Axia 
B-B. 

A 

e 

U 

Ig      ;      TA 

'D 

iDcha. 

"- 

iDcha.          Incho. 

Inihn". 

Incboi. 

lDd»'. 

lacli«<.  Incha. 

InchM. 

•1881 

1883 
i6Bi 

28lf 

4i4fA 

e^f. 

61.74 

^■'* 

6774 
70.74 

1.76 
i.6j 
1.51 
141 

SS63 

6100 

HI 

6Xs 

9-49 
941 

9-33 
9»S 

9-94 

9-9» 

1887 
1888 

n 

«8jl 

WfA 

'"?• 

61.84 

71.84 

2-53 
341 
1.30 

S7Si 

6244 

6z68 
6J33 

7053 

9.58 
949 

9.40 
9-32 

9-99 
9.96 
9-93 
9.91 

•1889 
•1890 
1891 

1892 

Tf 

!8;1 

4Jt^A 

6yH 

69.91 

71.91 

1.30 

12 

6437 
6702 
6964 

72M 

9-65 
9SS 
9-47 
9-39 

lOXSJ 

9-98 

9-9S 

jBjl 

4J^A 

6ijii 

65.00 

68.00 
71.00 

74.00 

1.09 

6116    6604 

6183  1  6869 
6439    7131 

9.51 

to.08 
10.05 
10.03 

S4"X  JO"  Section.                                                                          | 

•1897 
,898 
1899 

Tjt 

3o;» 

*T* 

<ii4l| 

71.8s 

1.9s 

S747 
6093 

746! 

778; 
8103 

9-3S 
9.18 
9.11 

10.6s 
10.63 
10.61 

•1900 
1901 
i90i 

"*"i 

JOH 

4^1 

'"If* 

66.97 
6997 

71.97 

1.74 

IS 

6jo« 

7663 

9.44 

g.36 
9.19 

10.66 

•1903 
1904 
190S 

Tj. 

)<aH 

*^' 

6x<»| 

68.07 
71.07 
74.07 

2.76 
1.6s 

1.54 

6>7J 
6339 
6i<n 

7859 
8179 
8497 

9.51 
9-44 
9-37 

10.74 
10.71 
10.71 

•1906 
1907 

1908 

T}. 

3"J« 

4Mi| 

61J1H 

69-15 
71.1s 
7S'S 

1.56 
1-4S 

2-3  S 

g 

8056 
8376 
8694 

959 
95" 
9-43 

10.79 
10.77 
10.75 

•1909 
1910 
191 1 

T' 

jojtt 

4X4^1 

6<y) 

70.13 

8:S 

1-3S 
1.15 
1.17 

6ssi 
6711 
6871 

81SO 
8570 

9-67 
9-58 
949 

10-B4 
10.80 

•Sp 

acing  of  rivet  lines  □ 

f  web  greater  than  30  X  thick 

ess  of  plate.                                          | 

c.s.,=j  I,  Google 


TABLE  85. 
PKOPERnBS  OF  Top  Chokd  Skctions. 


jl 

1 

-* .._ 

3 

-.1^ 

Sfi  Amlta 

-^1 

Three  Ptate* 

Top  Chonl  Sectloiu. 

..J 1 

Pbta 

Angla. 

RadU  of  Gyra- 

SeaioB 

GroM 

Etcen- 

Inertia. 

tion. 

tildty. 

Alts 

A^ 

Axia    1    Axi) 

Nw 

Web. 

Cover. 

Top, 

Bottom. 

B-B. 

A-A.   '    B-B, 

OuUlde.    1      Irulde. 

A 

e 

1a 

Ib 

'A        1        r. 

Indwi. 

Incba. 

locbei. 

inche..     1     I„=b». 

Incbeet. 

liidlo.>iichei'.|liiche>'. 

Iiicha.|lDd». 

1<S"  X  »o"  Section.     A  Setia.                                                                           | 

•lOOI 

i6ij 

201A 

3i«W 

3il3ili 

'*"?,'"' 

35-63 

1.04 

ISS3 

1480 

6,60 

6.44 

"t 

37-03 

0.98 

1597 

IS5I 

6-51 

6.41 

1003 

39-63 

0,93 

1642 

1621 

it 

6.3« 

loot 

;;  A 

4.1.63 

0.89 

1686 

1689 

6.6 

toos 

♦3-63 

0.85 

1730 

1756 

6.J0 

6.34 

2006 

;;  i 

45-63 

0.S1 

1774 

1821 

6.H 

6.31 

2007 

" 

" 

47-63 

0.78 

i8ie 

1887 

6.i« 

6.1, 

•2008 

'H 

201A 

3li3.i^i 

3ix3liA 

jiijiiA 

37-19 

0.72 

1633 

'547 

6.63 

644 

2009 

p 

39.19 

0.69 

.677 

1617 

S.S4 

64; 

i 

ii.19 

0-66 

1710 

1686 

6.46 

6.40 

;;  A 

43 -'9 

0-63 

1763 

>7S4 

6.39 

6.37 

2012 

45- '9 

0.60 

1807 

1811 

6.3. 

6.34 

1013 

;;  i 

47-19 

0.57 

1850 

1 886 

6.26 

6.3. 

20It 

49-19 

0.55 

1894 

1951 

6.1a 

6.30 

-20.S 

1611 

20>;ft 

3i^3i.| 

3!x3i>i 

3l.jlrf 

38.71 

0.42 

1729 

t6l2 

6.68 

644 

2016 

■'  t' 

40-71 

0.41 

1771 

1682 

6.tk> 

6.4. 

20I7 

42.71 

0-39 

181S 

175 1 

6.5. 

6.39 

2018 

44-71 

0.38 

1858 

1819 

6.« 

6.37 

2019 

46.71 

0.36 

1 901 

188s 

6.38 

6.J4 

;;  i 

48.71 

0.J4 

"9+4 

"949 

6.31 

6.3  = 

2021 

" 

" 

" 

SO.71 

0.33 

1987 

2014 

6.16 

6.19 

•2022 

i6xl 

aoiA 

S^ixl 

ji-3jxA 

3^hA 

40.19 

0.16 

1803 

>67S 

6.7X3 

6.4! 

2023 

"t 

42.19 

D.16 

1845 

'745 

6.61 

6.41 

102+ 

44- ig 

0.15 

1813 

6.53 

6.39 

202s 

46,19 

0.14 

1931 

1880 

6.46 

6.37 

2026 

48,19 

0.13 

1973 

1946 

6.;o 

6.;5 

2027 

"  i 

50.19 

2016 

6-34 

6.3= 

1028 

" 

" 

" 

" 

S2.I9 

0.12 

20S9 

1074 

6.18 

6.19 

•»X9 

i6si 

20«A 

3i»3W 

jixjW 

3i.jl.| 

41-63 

-.08 

1870 

1738 

6.70 

6.46 

2030 

43-63 

-.08 

t9ij 

1807 

6.61 

6i. 

2031 

4S-63 

-.07 

1956 

1874 

6S4 

641 

J032 

"t 

47-63 

-.07 

1998 

1941 

6.47 

6.,« 

2033 

49.63 

-.07 

2041 

6.41 

6.36 

203+ 

"  H 

SI.63 

-.07 

s 

2070 

6.3! 

6.34 

■203s 

53.63 

-.06 

i'34 

6.30 

6.3= 

•  Spacing 

of  rivet  lines  of  w 

eb  greater  than  30  X  thickness  of  plate.                                    ) 

c.s.,=j  I,  Google 


TABLE  iS.~C<mlinved. 
Pkopbrtibs  of  Top  Chord  Sections. 


^ 

Tl    ' 

r 

1 

7-4 

.-.■^fv- 

rziv^f                »■»- 

Top  Chflri  Sectlww. 

1  1 

r        ib-Pbo-. 

i  1  u 

u. 

i 

-■ 

AoBle*. 

Graa 

EcCHf 

"la" 

RadU  of  Gyn- 
tkm.           1 

Wdty. 

Aili        Axil 

Axil 

Adi 

Bottam. 

A-A.       B-B. 

B-B. 

'ber. 

Outiide.    [      Ituldc. 

A 

e 

1a            Ib 

XA 

'B 

lDch«. 

iDChH. 

Incb«. 

Inch«.          Inchfi. 

Indwrf. 

loclH*. 

Incba>.  lii<±a<. 

lochea. 

Inchei. 

l6"XJ0"SeMkm.     B  Seria.                                                                             | 

2036 

I61I 

2O1A 

,i.jl.l 

!«W 

sifliil 

36.77 

0.77 

1640 

1606 

6.67 

6.61 

Z037 

"t 

38-77 

0.73 

.684 

1677 

6.S9 

6.58 

203S 

4077 

0.70 

i7»7 

1747 

6.51 

6.SS 

2039 

42.77 

0.67 

177 1 

181S 

6-43 

6.52 

2040 

44-77 

0.64 

1814 

1BS2 

6.36 

648 

2041 

46.77 

0.61 

iBsB 

1947 

6.30 

6.4s 

Z042 

"   1 

" 

" 

" 

48.77 

0.58 

1902 

2013 

6.24 

6.42 

■204.3 

i6xj 

imA 

Jl«.W 

si3il>A 

3ii).liA 

38.SI 

043 

172s 

i^S 

6.69 

6.63 

2044 

"t 

40.51 

o.4i 

1768 

176s 

6.60 

6,60 

204.S 

4151 

0.40 

tSio 

1834 

6.52 

6-57 

2046 

"  f 

T41 

0.38 

1B54 

1902 

6.4s 

6.54 

2047 

0.36 

1897 

1970 

6-39 

6.SI 

2048 

"!* 

48.S1 

0-34 

1940 

2034 

6.32 

6.48 

2049 

" 

" 

" 

So-Si 

0-3J 

1982 

2099 

6.16 

6.45 

'2050 

16,1 

20_lA 

!!«!>! 

otW 

3»iji«i 

40.21 

0.1a 

1826 

1781 

6-74 

6.6s 

2051 

"A 

43.21 

1868 

1852 

6.6s 

6.62 

2052 

'. 

r^\ 

191 1 

1910 

6.S7 

6.58 

2053 

! 

;i5^ 

.988 

6,50 

6-55 

20S4 

48.11 

2054 

6.43 

6.52 

20s  5 

"I* 

50.21 

1039 

21 19 

6-37 

6.49 

2036 
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238s 

66.63 

1.0s 

53J3 

5271 

8.95 

8.90 

23S6 

"  t 

69.38 

5446 

S4S8 

8.86 

8.87 

2387 

" 

" 

" 

" 

71.1J 

0.97 

SS60 

S638 

8.78 

8.84 

■2388 

22,1 

26j;A 

4ijii 

«««* 

WfA 

63.11 

0.80 

S333 

S081 

9.20 

8,98 

■2389 

;;ft 

6S.86 

0.77 

SH5 

5174 

9.10 

8.9! 

2390 

6S.61 

0.74 

5557 

5461 

8.9. 

239' 

"  * 

71.36 

0.71 

5670 

5646 

8.89 

2392 

" 

" 

" 

" 

74.11 

0.68 

5782 

5827 

8.83 

8.87 

•S|»d,,B 

of  rivet 
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eb  greater 

than  30  X 
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TABLE  &S.—Ctmtinued. 
Properties  of  Top  Chord  Sections. 


T 

1 

„,^ 

A, 

nr 

Si,A«k. 

Top  CboM  SectkMM. 

•t_^^ 

^       ■  4 

J- 

ThittFUIo. 

i                                                               1 

Section 

PUU* 

Anda. 

iSrtii. 

Sam  01  G)ii- 
Uoo.         1 

Web. 

Com. 

Top. 

Bottom. 

An*. 

ttidty. 

Axil 
A-A. 

B-B. 

Axil 
A-A. 

B-a 

Ouwlde. 

!uld«. 

■  A 

t 

U 

1, 

'*      ,      r. 

Incba. 

iDcha. 

ladie*. 

iBcha. 

Incbe*. 

Incbe«>. 

Indw*. 

litdwi*. 

IK^O*. 

IndMS.    Incbtf. 

■1393 

•1398 
•1399 
2400 
2401 
1402 

1407 

=1 

26j;A 
261ft 
2faft 

414XJ 

61^1 
6x^ 
6i^J 

41^1 

" 

6S.07 
67.82 
70-S7 
76.07 

66.99 

69-74 
7i-49 
75-14 
77-99 

68.89 
71-64 
74.39 
77-14 
79-69 

O^S 
0.46 
0.44 
042 
041 

0.19 

0.18 

-.07 
-.07 
-.07 

-.06 

~xi6 

5879 
599' 

6,7s 

6014 

6357 

5^7 

IS 

|6 

6015 
619s 

5636 

IS 

Si 

9.24 
914 

i:S 

8.87 
9aS 

8:98 
B.90 

9.»6 
9.16 
txX 
8.99 
8.9. 

8-97 

8.9* 
8.91 
8.89 

9.02 

8.99 
8.97 
8,94 
8.91 

9.04 

%% 

8.96 
8.93 

»a"  X  »6"  Sectkn.    C  Seria.                                                                 ] 

•2408 
•2409 
1410 
241 1 

2412 

•2414 
241S 
2416 
2417 

•2418 
•2419 
2420 
2421 

2422 

11 

26_xft 
I&tft 

4l^i 
4241} 
4^1 

6xjxl 
6x4fA 
6^i 

6^1 

61.63 
71.38 
74.13 

fiS-37 
6B.11 
70.87 
73.62 
76.37 

67.57 
70.32 

73-07 
75.82 
78.57 

0.77 
0.73 

ts 

a40 

0.J8 

til 

0-3S 

0.07 
0.07 
0.07 
0.06 
□.06 

5378 
5491 

J8!! 
S6.l 
IK 
g|| 

6I7B 
6289 

491 5 
5106 
5^93 

5659 

5110 
S30I 

S«Si 

5.98 
5673 

Si] 

9-'3 
9-'J 

I:S 

6.86 

9-28 
9.17 
9.08 
8.99 
8.9a 

9.31 

9.21 

9.12 
9.03 
8-95 

8.82 
8.S0 
8.7a 
8.76 
8.73 

8.84 
8.82 
S.Bo 
8.78 
8.76 

8.86 
884 
8.8j 
8.80 
8.77 

•  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate.                                     j 
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TABLE  SS.—Coniinued. 
Pkopbxtibs  or  Tof  Chobd  Sections. 


TopChnd  Stcdcni. 


rT 


iJL 


LI 


"I 


v^i 


4^i 


6i^H 


iSif 

sext 

aSif 


f^i 

'f' 

*v* 

4>^* 

T' 

4»i"t 

*^A 

V^i 

(iijil 

4^1 

6,^t» 

6I+1A 


6973 
71.48 
75-*J 
77-98 
80.73 


74.64 

77-39 
So.  14 


623  J 
6344 
64SS 
6567 
6678 


SJ26 
S447 

S636 
S7S3 
5870 


6184 
6297 
6409 

6421 
653* 
664s 


8.87 
8.85 
8.83 


8.83 
8.81 
8.79 


6156 

6389 
66w 

6391 
6613 

6853 

6617 
685S 
7087 


9.64 
963 

9.66 
9.64 
9.63 


t  lines  greater  than  30  X  tbicknesa  of  plate. 
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TABLE  SS.—Corftinved. 
Pbofebtibs  of  Top  Chord  Sections. 


T 

ITo^U- 

I— i 
-M — 

f  u 

^.sr- 

Top  Cboid  SectkNU. 

1_IL 

J  r 

Three  Pl»tet 

i 

SecUoD 
Num- 
ber. 

Plates. 

AKBfe.. 

"IS-* 

BadUofGyn- 
tion. 

w*. 

COVCT. 

Top. 

Bottom. 

Uidty. 

i^ 

^. 

Alia    1    Au 
A-A.  )    B-B. 

Outsdo. 

Inride. 

A 

e 

U 

Ir 

r*      1       f. 

Inche.. 

lDCh«. 

Ind«.. 

Incha. 

iDdn. 

lDchei< 

Incbes. 

liicbec< 

Incho' 

Inche*. 

IndB. 

»4SI 

24S3 

T* 

.!;1 

4x41^ 

Sljli 

'T' 

8o.z6 

SIS 

-.OS 
-.OS 
-.04 

6961 

707J 

s 

9,tjS 

9.69 
9.67 
9.65 

14"  X  IS"  Section.    A  Setla.                                                                  1 

■*4S4 

•*4SS 
»4S0 
I4S7 

•1458 

'i 

•2461 
■MP 

1465 

:"•£ 
-1 

2469 

•H70 
•^71 
1471 
H73 

Tf 

Iff 
«!* 

■■  1 

tf 

::  ' 

.8.1 
j8j( 
.8ji 
28x1 

4^i 

4^A 
4^t 

4W! 

4^A 
4^t 

4141I 

67.00 

70.00 

76.00 

68.71 
71.71 

74-71 
77-7* 

70.44 

76^,4* 
79-44 

71.11 

81.11 

%6 
79-76 
81.76 

1.92 

\^ 

;g 

I.S6 
1.50 

1.38 

\ii 

1.13 

1.07 

1.03 

0,86 
0.81 
0.79 
,0.76 

6656 
6810 

6617 

6770 
6910 
7071 

6873 
7011 
7170 
7319 

7103 
7150 
7397 

,s« 

7318 
746s 
761 1 

7767 

6117 

6881 

6187 
6S4S 
6799 

70SO 

6456 
6711 
6966 
7HS 

661s 

6880 

678s 

7040 
7291 

7S40 

9.81 
9.63 

9-S4 

9.88 
9-78 

1:1? 
IS 

9-7* 
9.63 

9-96 
9.S6 
9-77 
9.69 

9.36 
9-54 
9-55 
9-5' 

9-57 
9-55 
9S4 
951 

9-SS 
9.S6 
9-55 
9-53 

9.5S 
9.5ft 
9-55 

9-5* 

9-59 

9,5^ 
9-53 

J4"  X  IS"  Section.     B  Setia.                                                                           1 

*I474 
1476 
1477 

1-A 

28jl 

4l4li          6i4xi 

4Xjfll 

69.00 
71.00 
75 'Oo 
78.00 

1.61 
1-41 

§51 

US 

7081 

7T!» 

9.87 
9-77 
9.67 
9.S8 

9-76 
9-74 

9-7= 

•  Spacing  of  rivet  lines  of  web  greater  tlian  30  X  thickness  of  plate.                                      | 
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TABLE  85. —  Omtinutd. 
PsoPKRTiES  or  ToF  Chord  Sections. 


^ 

Top  Chwd  Sectlqia. 

r- 
1 

-*• 

! 

-rbneFI-ta. 

1 

Nlm- 

PlStet 

Angl™. 

Incnia. 

RadU  ti  Gyia- 

Web. 

Conr. 

Top. 

BMtom. 

Area. 

tildty. 

Ad* 
A-A. 

AjiU 
B-B. 

Axi* 
A-A. 

B-B. 

Ouulde. 

luide. 

A 

. 

Ia 

Ib 

r* 

IB 

Inchs. 

1,.^. 

Incba. 

W. 

lndlM* 

iDcbOl 

iDche. 

Idd»><. 

locbei- 

iDcbe*. 

Incbea. 

•1+78 
'1+79 
1480 
3481 

•1482 
•248} 
2484 
148s 

•2486 
•2487 
1488 
1489 

•1490 
•1491 
I49I 
2493 

::  > 

" 

.8.1 

70.98 

79.98 
71.94 

75-94 
78.94 
81.94 

74.86 

8j.a6 

76.76 

'& 
85.76 

;:.l 

1. 17 
1.13 

0.94 

0.84 
0.64 

0.62 
0.60 
0.S8 

0.36 

0-3S 
0-34 
0.33 

7010 

7.S8 
730s 

74S2 

7s8s 
7431 
7S77 
7723 

¥ 

7825 
7970 

7770 

?" 

8201 

6794 

70S2 
7306 

7SS7 

7019 
727s 
7529 
7778 

7*44 
7499 

77S2 
8001 

7460 
771s 

I!f5 

9-74 

,.65 

9-99 

g.8o 
971 
10.03 

9-7S 
10.05 

It 

9.78 

9.78 
9.76 
9-74 
9.72 

9.81 

9.79 
9-77 
9-7S 

9.84 
9-82 
9.80 
9-77 

9.86 
9.83 
9.81 

9-79 

M"  X  J»"  Sectton.     C  ScriM.                                                                            1 

•149* 

•2495 
2496 
2497 

•2498 
•2499 
2500 
2501 

•2502 
•25OJ 
1504 
2505 

Tf 

2!;1 

" 

71.00 
74.00 

as 
s;:K 

1.23 
1.19 
1.14 

0.8s 
o.8z 

0;^ 

O.S3 
0.51 
049 
D.47 

7061 
7208 

73S6 
7503 

7J79 

3H 
7817 

7670 

8104 

6606 

686* 
68,8 

Si 

7598 

7068 
7322 

9.98 
9.87 
9.73 
9.69 

10.04 
9-93 

9.84 
975 

10.08 

9.98 
9.89 
9.B0 

9.6s 
9.63 
9.62 
9.60 

9.66 
9.64 
963 
9.61 

9.68 
9.67 

9-6s 
9.63 

•Spacingof  rivet  lines  of  web  greater  than  30X  thickness  of  plate.                                     | 
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TABLE  SS.—Confmued. 
Pkqpkkties  of  Top  Chobd  Sbctions. 


All*   Ajik 
B-B.  I  A-A. 


*H07 
1508 
1509 


6x^i 


6i^H 


€x4^i 


7SI9 

7771 
80!Z 
8169 


3;2i 

•1523 

•2526 
2527 
1528 


3Mtt 
3«mH 

3<»H 


4141J 


6i4x| 


6141I 
6i4:tH 


6831 
6993 
7152 

7ij8 
7384 
7539 

7S93 
774S 
7896 


9-70 
9.62 
953 


8439 

8749 
9057 

8716 
90JS 
93J1 

8989 
9297 
9603 

91S8 
9565 
9870 


9-9* 
9-84 
9-7S 


*  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 
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TABLE  ^.—ContiHued. 
PROPBBnEs  oe  Top  Chord  Sectioms. 


f 

Pn,p«ti- 

4-J 

._ 

4 

-i* 

Three  Ptat. 

Top  Chord  S«*k> 

\\ 

3 

iJL   JL.J. 

Fkta. 

Aa«l«. 

"isr." 

R>dU  of  Gm- 
tion.           1 

SkUoh 

Web. 

Cover. 

■ft-p. 

Bottom. 

Iricity. 

Ail> 

Ai<> 
B-B. 

Axil 
A-A. 

Alls 
B-B. 

Out«ide. 

Inside. 

A 

e 

u 

1b 

t* 

rs 

IndH. 

iDcho. 

iDcbea. 

Incbea. 

Incb». 

loche.'. 

InclH*. 

IxKbea'.  Incbea'. 

Irtdx^ 

Inche.. 

ISJ3 

■fj. 

joiH 

+^* 

6x^i 

6x4ii 

85.89 
88.89 

0.38 

0.37 
0.16 

SS06 
8950 

ii;s 

10.13 
10.04 

io-!3 
10.52 

10.50 

a6"X3i>"Sectk>o.     ASerki.                                                                            | 

'1536 
2S37 

tj» 

JoxH 

4^ 

*^* 

4^i 

82.1J 

2 

47 
J7 

27 

8220 

8IS7 
8499 

8834 

10.38 
10.32 
10.26 

10.J8 
10.37 
10.36 

•1S38 
■2539 
»S40 

?}» 

3(aH 

4i4xi 

4»^A 

4^A 

Eg 

sj.ss 

2 

98 

8559 
87S7 
8953 

8363 
S704 
9038 

10.511 

"0.43 
10.34 

10.40 

IO.J9 
10.38 

•1S41 
^543 

Tj. 

301H 

4^i 

«^-l 

4^f 

7907 

S..J. 

85.57 

71 

8878 
9062 
926s 

8563 
8904 
9137 

10.S9 
10.49 
10.40 

10.41 

10.40 
10. 39 

;2S44 
1546 

tj. 

30XH 

n^* 

<^» 

A^a 

80.7s 
84.00 

87..! 

9169 

9360 
9SS' 

8764 
9103 
94^5 

10.65 

IO-5S 
10.4.; 

10.4Z 
10.4! 
10.39 

:^S47 
■1548 
2S49 

'^-l. 

3«H 

■**;t** 

«^' 

♦V* 

81.39 
85.64 

9629 

9817 

B962 

10.50 

10.43 
10.42 
10.41 

a6"  X3->"SBctton.     B  Serin.                                                                           [ 

■aSSO 
■zSSi 

255* 

3<^tt 

vcfjii 

6xjji 

t^i 

SI 
84..) 

2.08 
1,91 

8669 

9061 

8669 
9011 
9.146 

10.56 
10.46 

10.37 

10.57 
'0-5S 
10-53 

'^553 
■3SS4 

"  i 

jc^H 

4^i 

6„jft 

4^A 

as 

S6.11 

111 

'■57 

9042 

9238 

9434 

8939 
9180 
9614 

10.65 
>o.S| 
10.46 

10.60 

10.58 
10.56 

'2SS6 

■2357 
1558 

Tf 

3mH 

4»4ii 

6.^1 

V^t 

81.57 
88^07 

lift 

1,36 

1.31 

9389 

9203 
9877 

10.72 
io.6z 
10.53 

10.62 
10.60 

to-jS 

*  Spacing  of  rivet 

inesofwe 

1>  greater  than  30  X  thickness  of  plate. 
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TABLE  ES.— Continued. 
Pkoperties  of  Top  Cbobd  Sbctioks. 


f 

i  "n  — 

—  r 

1 

PraiMTtlei 
Top  Chord  Sectlooi. 

^:    _j 

-i^ 

"S^ 

iJL 

J 

: 

TtatcePlua. 

i 

1 

t° 

«.». 

A1.CIS. 

Ana. 

"SS."" 

R«iU^Cv™- 

Top. 

Bottofa. 

Utdty. 

Ajd* 
A'A. 

Ajd* 

A-A.   1    B-B. 

Outiide. 

liuide. 

A 

c 

1a 

Ib 

r*      1      T, 

iBcha.      iDcha. 

bcb... 

I,>,h». 

India. 

lod^t. 

tdd». 

InclH>. 

Incl»>. 

lDCl».,   lod^. 

ij6i 

161 

)OJ« 

4^i 

6x^« 

■^;*» 

89.99 

1.07 

9707 
9894 
IO081 

IS 

IOI39 

lo.jS  1  10.61 

•.S63 

261 
;;  i 

30»tt 

»W» 

S^i 

4X^1 

li:S 

»l.8» 

0.82 
0.80 
0.78 

1019s 

10179 

10400 

10.83  !  10.6: 

10.71  '  io.(>: 
10.6a     io.6t 

36"  X  30"  Sectloi.     C  ScrtM. 

4567 

261 

::  » 

JcaH 

4^1 

6«xi 

6>jii 

B6.13 

1.70 
1.63 

'-S7 

9100 

9403 

10.69 
10.S9 
io_|9 

10-4S 
1044 

'»s6e 

2S70 

26j 

jmH 

4^1 

fiipA 

6i^A 

81.87 

si:]? 

IJ3 
1.18 
1.24 

9S00 

9688 
987s 

9004 

ia66 
10.56 

,0-^8 
loilti 

•2571 

•2571 
»S73 

1-1. 

30jH 

4iJ»l 

6141I 

"S-" 

84/57 
87.32 

90-S7 

0.99 

0.9s 
0.91 

9870 
10056 

IQ143 

9946 

10.83 
10.73 
10.6] 

10.50 
1^49, 

lo-i7| 

;JS74 

2576 

i 

jmH 

4^ii 

'"*** 

6rpit 

86.J3 
89^8 
92,73 

0.66 

0,63 
O.bi 

ii 

lis 

10.88 

10^9 

3»(» 

■"V' 

<^1 

" 

88.39 
91.6+ 
94.89 

0.37 
0.36 
0.35 

IOS30 

:3g 

98.7 

Si; 

10.72 

10.S? 
10.5; 
10.;  1 

j6"  X  33"  SecUoo.                                                                                   | 

s 

•is: 

i6ii 

";' 

WiJ 

1 

:;f 

84.94 
87.22 
89.SO 
91-74 

*-77 
2.39 

0.80 

9017 
9498 
9948 
10761 

"IS 

10718 
1,048 
11379 
11703 

ii 

10.30 
10.44 

to.63 
10.70 
10.76 
10.80 

11.31 
11. 3  J 
11.3; 

•  spacing  of  rivet 

Unoof  w 

cb  greater  than  30  > 

thickness  of  plate.                                     1 
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TABLE  86. 
Properties  of  Top  Chord  Skchons. 


.( 

T 

■■*=il 

r 

r' 

b-.^       s.„^^«; 

with 

IJL 

i-JlLl 
i 

Pl«l«». 

Aogle.. 

Eccen- 
iridty. 

MoDUDUof 

taenia. 

RadUofGyn- 
tion. 

tion 

Web. 

Cow. 

Top. 

flotlom. 

Axlk       Am 
A-A-  1    B-B. 

Alia 

All. 
B-B. 

ba. 

Out«ldc. 

lodde. 

Out.de. 

Indde, 

A 

e 

Ia      1      Ib 

r^ 

rB 

loche.. 

Incbo. 

Incb«. 

Inches.  1   Incha. 

Inct™. 

lnchea.>|  IucHb. 

Incbe..'!liicbe8.> 

tache..jlnche.| 

„"^.«"E«:Uon.                                                                                     | 

2901 

wxA 

i8Xl 

6X4Xi 

6X4X1 

6x6xi 

6X6X! 

99-94 

0.65 

740 

9070 

8.62 

9-S3 

1902 

"  i 

" 

" 

" 

ioS-44 

0.62 

7660 

947B 

8.^2 

9.48 

2903 

"  A 

" 

" 

" 

110.94 

0.(9 

7884 

9871 

842 

9^3 

1904 

"  * 

" 

" 

" 

"■ 

116.44 

0.56 

8107 

IOJS5 

8.14 

9-38 

290s 

"  t* 

" 

" 

" 

" 

121.94 

0.51 

Hi  10 

10627 

8.2« 

9.33 

1906 

"  i 

" 

" 

" 

127.44 

0.51 

SSS4 

109B7 

8.19 

9.28 

<M"  X  30"  Section.                                                                                     1 

1907 

^4X1 

loXf 

6X4Xi 

6X4Xi 

5X6Xi 

6X6Xi 

119,51 

0,64 

10710 

12874 

9-47 

10.38 

290S 

'■  A 

" 

" 

" 

.    " 

" 

125.51 

0.61 

ItOOO 

«34«J 

9-36 

10-34 

1909 

"  i 

" 

" 

" 

" 

" 

iJi-S" 

o.^S 

.1290 

mi* 

9-27 

10.29 

i9io 

"  H 

" 

" 

" 

" 

137-Si 

0.5s 

I15B0 

14441 

9.18 

lo.is  . 

2911 

"  i 

" 

"■ 

" 

'43  S" 

0.5  J 

IIM70 

14937 

9.10 

10.10 

.    »6"X33"Sec«iMi.                                                                                     1 

2911 

26XA 

3^X1 

6X4Xi 

6X4XJ 

6x6xi 

6X6X 

131.26 

0.74 

iim 

16638 

10.14 

11.16 

2913 

"  I 

" 

" 

137.76 

0.70 

11874 

17335 

10.03 

11,12 

2914 

"  H 

" 

*' 

144.26 

0.67 

'4^41 

1S015 

9.94 

II. 17 

ms 

■■  1 

" 

150.76 

0.64 

14613 

18682 

9-B5 

11.13 

a«"  X  34"  Section. 

W16 

18XJ 

14X1 

6X4Xi 

6X4Xi 

6X6X! 

6X6X 

144.01 

0.81 

16791 

21238 

10.80 

11.14 

1917 

'■  H 

" 

" 

151-01 

0.70 

17211 

21126 

10.69 

igi8 

"  I 

" 

" 

i5H,oi 

0.76 

1771S 

22997 

10.59 

11.06 

3tf '  X  3«"  Stctl™.                                                                                                 1 

2919 

loxti 

16X1 

6X4Xi 

6X4Xi 

6x6Xi 

6X6X 

157.76 

0.92     10627 

26810 

11.44     13.03 

1920 

"  i 

" 

" 

165.16 

0.88     1 1 196 

17910 

11.33     '300 

c.s.,=j  I,  Google 


TABLE  87. 
Pbopbrtibs  op  Plate  Gisdbks. 


Some  ipecifications  require  that  plate  girden  be  proportioned  by  the  n 
their  gross  section  and  lome  by  the  moment  of  inertia  ol  their  net  section.  T 
of  the  groai  section  can  be  obtained  by  direct  addition  from  Tables  i,  £  and  i].  The  moment  r: 
inertia  of  the  net  section  is  obtained  by  subtracting  the  moment  □(  inertia  of  the  holes  from  tbit 
of  the  gross  section.  The  moment  of  inertia  of  the  holes  can  be  calculated  by  the  formula  /  -  J..''. 
the  moment  of  inertia  of  the  holes  about  their  own  ajis  being  negligible,  i^a  being  the  diamcUil 
area   of  the  hole  and  h  the  distance  from  the  neutral  axis  to  the  center  of  the  hole. 

The  method  of  calculating  the  moments  of  inertia  of  plate  girders  will  be  illustrated  by  a  typ"^ 

Example:  Determine  the  moment  of  inertia  and  section  modulus  of  a  section  consisting  c:    ' 
4  angles  S^^3l"*l"i  '"IB  '*8'  °"^  Hi"  bidL  to  bacli,  I  web  plate  I4"i|",  a  tov.  plates  ii"»{' . 
Moment  of  Inertia  and  Section  Uodultw  of  Gtobb  Section. 


I.  to  b.  Angles. '     Extreme  nber. 


Mament  tf  Inertia,  f 


Section  Uodul- 
S-  Ic. 


4871 
I2.87i 


Mom«nt  of  Inertia  of  RiTet  Holes  ({"  Rivets,  i"  holes). 


a  is  4871  -  973  -  3899  in.*,  and  the  si 


Approximate  Methods. 

TTie  use  of  the  moment  of  inertia  of  the  net  section  in  proportioning  plate  girden,  require 
that  holes  in  the  compression  flange  be  deducted  as  well  as  those  in  the  tension  flange.  This  en!;- 
approximates  the  true  condition  so  that  great  accuracy  in  calculating  the  moment  of  inertia  of  the 
net  section  does  not  seem  warranted.  Itie  following  approximate  solutions  give  results  which  ire 
sufficiently  accurate  for  use  in  design. 

I  St  Approximate  Method: 

,    Net  Area 


Net  /  of  Angles  =  Gross  /  X 


Gross  Are* 


■  >o74  X  -g  - 


1556     Table  33. 


Net  /  of  Web  PI.  =  Gross  /  of  Net  Depth  =  /  of  a"  X  |"  PI.  -  J3J 

Net  /  of  Cov.  Pis.  -  Gross  /  of  Net  Width  -  /  of  a  -  10"  X  I"  PU.  -  1972 

Total  Moment  of  Inertia  of  Net  Sectron  =  3861  ii 

3d  Approximate  Method : 

N„,.c™.,x>'.^-4.r.xge-,*i... 

This  method  gives  more  accurate  results  for  sections  without  cover  plates. 
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TABLE  88. 

Cbmtbks  of  Gravity  of  Platb  Girder  Flanges. 

chicago,  milwavkee  a  st.  paul  rt. 


c 

-!— , 

M— ifl 

a 

—' 

:■ — 1 

(=-^ 

I 

..-;j 

iS  "^ 

■'   I 

J 

■^f 

IT          ^ 

1 

£                   Type3 

TYPE  I. 

1 

tutib'-XA"  Bottom  Anile*. 

Two  Top 
Anclea. 

Four  6"X4"  Bottom  Angl«. 

Two  Top 

ThickDtw  ia  lacha. 

Tbicknt*  In  Indie.. 

1 

1 

1 

1 

t 

1 

1 

A 

1 

1 

1 

India. 

In. 

Id. 

In. 

Id. 

In. 

Incbo. 

In 

Id. 

la. 

Id. 

In. 

In. 

8X8X 

1.81 

4.70 

8X8X 

^69 

5.B5 

6,07 

6.27 

1.6J 

3-90 

4.11 

430 

44'; 

4.t 

J. IS 

5.40 

S-S4 

S79 

'•■ 

« 

3-49 

4,13 

4.17 

4-'; 

>      4-99 

5.16 

S 

■'. 

ri9 

1.70 

3-81 

3-99 

4'3 

4-< 

4.96 

5.11 

S-2S 

s 

7 

It 

^M 

I.4B 

1.67 

,.81 

li 

i      4rSJ. 

4.66 

4.82 

5.06 

TYPE  3.                                                                                           1 

not. 

In. 

In. 

0 

1        ( 

1 

I 

t 

'    1' 

It 

i| 

It 

ii 

>t    1    If    1     I        »1 

3 

6x6Xi 

1.68 

I.U     .98 

.86 

.7 

.6, 

.44 

■33 

.*4 

.07 

-J-.J-.,. 

14 

1-09     95 

.70 

.w 

.48I.I 

.2^ 

.20 

.0^ 

06,-.l4,-.l2| 

!i 

1-07   .93 

■7' 

■I'; 

■4'.-'( 

■;  .2? 

Ml 

./s 

.41.3 
.67.5 

.04 

13 

1.71 

1.14,1-11 

■V 

■77 

-47 

.38 

■30 

13I     .04! -.04 

.91: 

i 

41 

■H 

■i\ 

.1: 

08      .00  -.08 

IS 

1.19I-OS 

.9- 

.3^ 

.3t 

.1- 

34I-.04-.12 

.*: 

.7' 

■'■<\-i 

-3; 

•17 

.01 

30  -.08  -,16 

6X6Xi 

IJ 

1-71 

1.341.111.H: 

.•)< 

.89 

1   .« 

.^1 

-41 

.3' 

ISJ      .161       M, 

I.31JI. 18,1.07 

■Vi 

m\ 

■lit 

■3« 

20;      .111       .05 

'A 

.91,   .8i| 

.71  .( 

."ii 

■42 

1.26,1.131.0c    .81 

.78 

.07. ^ 

,1  41 

.38 

6x6Xi 

1.411.301,191.0- 

.99  .89  .f 

.62 

■H 

37 

.2.         .2. 

.';7 

.4<» 

;i 

1.37  1.24  i.i3|i.o 

.3* 

.871  .78  .6 

.s« 

■49 

40 

■  32 

22 

.14 

.07 

8X8Xi 

17 

2.1<) 

1.4811.34  1. 17  1.03 

.90   .78 

.16 

.36 

17 

-.01  -.33 

-.64 

iS 

1.461I.29I1-14I-CW 
1.631.47,1.31  1.19 

.86   .74 

M 

-.04 -.3' 

17 

t.r- 

107   -95 

.71 

.<;3 

34 

.17—1* 

1. 01    .91 

;S 

8X8X1 

17 

1.1) 

i.7S|i-6oli,46i.33li.iii.iO 

4t 

.31  --0  ;- 

36 

IH 

.84 

.64 

t 

.17 -.06,- 

4" 

8X8X1 

17 

J.3; 

1.8511.71,1.57  M5|i.33|i.22j 

I.OC 

45      ."'- 

i8 

■|.8ili.67i,s3li-4i,i-»9|i-i8| 

.77 

17 

4Q      .07,- 

».5 

SXSXi 

;s 

2.37  1.94  1.80  i.6S'i.;!Ms!i.3S 

1.13 

:S 

7S 

.58      .25,- 

8X8X11 

"7 

^.^^^.a2  i.Sg'i.??  1.66  1.55  1.45! 

1.15 

.01; 

17 

.  .70     .J6 

1.98  1.85,1.73  1-62,1.50  I-40I       jI-K- 

.00 

_!i 

,t„.n,  Google 


TABLE  89. 
Ufsbt  Screw  Ends  fob  Squabs  Babs. 
ambbiclui  budgb  coupanv  5takdabd. 


] 

>MA*AM. 

TAM^MtKMrttMlM^"" 

I 

a     ■ 

liiB 

.,..^ ^ 

Pttdi  ud  Sluipe  of  ThiHKl  A.  B.  Co.  Suadud. 

-• 

UPSET.                                                           1 

side  of 

,SL 

Welcht 

DlBmHer 

Uoatli 

Additional 
InchH. 

Rom  of 
Thread 

A«.                   1 

At  Root 

1 
En» 

•  1 

O.S6J 

1.91 

It 

4 

0,939 

0.693 

»J-i 

•1 

0.766 

i.6o 

■J 

3i 

1.064 

a890 

16.1 

1.000 

3-40 

<i 

4 

i.z8j 

1.294 

19,4 

1.266 

4.30 

■1 

Ji 

1.389 

i-SiS 

19.7 

..S6j 

S-3I 

1) 

4) 

4l 

1. 615 

J.Q49 

31.1 

1.891 

6.43 

' 

4i 

4 

1.711 

1.300 

11-7 

».iSO 

7.6s 

>i 

S 

1.961 

3.011 

34.3     1 

..6,, 

,     B-98 

*i 

4i 

1.086 

3-4>9 

29.5     ' 

1-06J 

10.41 

21 

S» 

4) 

1.I7S 

3.716 

11.3 

J.SI6 

I1-9S 

2i 

St 

S 

1.41s 

4.619 

3M 

4.000 

IJ.60 

•i 

s 

*-SSO 

S.108 

17-7 

4.S16 

'S-JS 

3 

4i 

Z.619 

S-4a8 

10.1 

S.06, 

17.11 

Jl 

6i 

Si 

1.879  ■ 

6.S09 

]8.6 

j.6,1 

19.18 

J» 

6i 

3.100 

7.S49 

33.8 

6.150 

ii.i5 

)I 

7 

3-JI7 

8.641 

38.J 

6.89> 

J34J 

Si 

Si 

3-317 

8.641 

*S-4 

7.S6! 

15-71 

4 

7i 

^ 

3-S67 

9-993 

31.1 

8.266 

18.10 

ti 

7i 

3798 

"-330 

37.1 

9.0a. 

jo,6o 

*i 

6 

3.798 

II.3J0 

15.9 

9.766 

J3.10 

tl 

8t 

7 

4.018 

ri.741 

30.5 

,o.s6j 

3S-9> 

«I 

81 

7i 

4-2SS 

14.111 

34-6 

Ul« 

t»  nwrked 

....pedal. 

c.s.,=j  I,  Google 


TABLE  9a 
Ufsbt  Screw  Ends  fob  Round  Bass, 
aherican  bkidgs  coupaky  3tumamd, 


..VhAAAA 

t 

-•                      11 

111^^ 

Pttch  ud  Stao  of  Thlsd  / 

WW*W«W»W»WWWf;, 

.  B.  Co.  Staodainl. 

BAR. 

UPSET. 

iDdi* 

^ 

s.^ 

DIunctcr 

Loitth 

m 

oCnurad 

^            1 

At  Root 

sS". 

•1 

OA*i 

1.50 

I 

4 

o.S]S 

0.551 

24.7 

•  1 

0,60 1 

1.04 

■1 

S 

1.06, 

0.890 

48.0 

1 

078s 

1.67 

It 

4 

1.IS8 

1 .054 

34-2 

■t 

0994 

3.38 

It 

4 

I.!8, 

1.194 

J0.2 

■i 

I.M7 

4-17 

It 

4 

1.J89 

I. SIS 

13.5 

■1 

Ms 

S-oJ 

I) 

4 

1490 

1-744 

17-5 

ti 

1.767 

6.01 

1 

4l 

4) 

1,711 

1.J00 

30.a 

<l 

1,074 

7-oS 

li 

4) 

■      4 

1.8J6 

1.649 

27.7 

ll 

a-40S 

S.18 

■i 

4 

1.961 

3.011 

25.6 

li 

2.761 

9-39 

•1 

4 

'■* 

34'9 

23.8 

> 

3.141 

10.6S 

■1 

Si 

4 

2.I7S 

37>6 

18.3 

■1 

J-547 

U.06 

•1 

Si 

3* 

i.300 

4-IS6 

17.1 

■1 

J.976 

13.S» 

.1 

4i 

i.sso 

S.108 

18.4 

■1 

4-4  JO 

IS.06 

J 

4i 

i.6i9 

S.428 

11.S 

•1 

4-909 

16.69 

]i 

ti 

Si 

J.879 

6-509 

32.6 

■1 

S-4" 

18.40 

Ji 

61 

4i 

J.879 

6.509 

10.3 

'> 

S-940 

10.19 

3) 

Si 

3.100 

7-549 

17.1 

'I 

6.49* 

11.07 

3l 

6 

3.317 

8.641 

3J.I 

3 

7>569 

14.03 

)i 

S 

3.317 

8.641 

ii.i 

3» 

7.670 

16.0S 

4 

7i 

6 

3.367 

9-993 

30,3 

3l 

8.296 

Z8.2I 

4 

7i 

5 

3S67 

9.993 

10.S 

!l 

8.946 

30.4a 

«1 

5i 

3-798 

11.330 

16.6 

3l 

9.621 

31.71 

41 

5 

3.798 

11.330 

17.8 

]l 

10.3  ii 

3509 

4l 

Si 

Si 

4.0.8 

11.741 

*3-4 

Ji 

II.&4S 

37-55 

4l 

81 

6 

4»SS 

14.111 

18.8 

Jj 

11.793 

40.10 

4) 

Si 

Si 

4.ISS 

14.11: 

20.6 

Up« 

u  marked 

•  «re  ipecial. 

:;,lzo..,Ct)t)^^l. 


TABLE  91 

Standabd  Eye  Baks 

American  Budge  Cokfany  Standards 


Obsinaby  I 

:ye  Bar 

I 

Adjustable  Eyk  Baks 

C\ 

\ 

zir 

^ 

1 

J}'  ^ 

^      tXl^          \\<PK^! 

r 

±1::. 

U-L 

: 

[-jf>t-B--; 

Bar 

HUD 

.„ 

Scuw  End 

3 

Thick- 

a 
a 

i 

Mu.  Pla 

Add.  MaUilal  A 

i 

B 

i 

1 

.3 
S 

1 

Add.  Uaterial  B 

s 

i 

s 

1 

fr 

1 

5 
S 

i 

.1 

_3 
■  3 

37-S 

1-  0 
1-  4 

1-9 

0-  7 
O-II 

* 

• 

;i 

396 

J6.6 

4 
4 

» 

8 

ii 

i 

6 
.1 

40.0 

I-  3 
I-  7 

'-r 

«i 

1 

% 

*|" 

4 
S 

" 

8 
8 

i 

i 

.! 

3 
4 

41-7 

1-6 

"-  s 

I-IO 

3 

•i 

iS 

s 
s 

'J 

7 

4 

1 

4 

1 

I 

R 

37-S 

i:1 

1-6 

l-IO 

4 

1 
■1 

J3-9 

J3.0 

3S.7 

s 

1 

6* 

13 

ii 

8 
7 
8 

s 

1 

I31 

3S-0 

2-  8 

3-  3 

I-  8 
*-  i 
I-  9 

S 

1 

:! 

3 
3} 

36.2 

24.1 
30.2 

6 
6 
61 

7 

7 

13 
14 

8 

6 

1 

'i 

8 

'  37^5 ' 

3-  2 

l-IO 

1-  8 

B 
8i 

7 

it 

16 

.7, 

7 
8 

■3 

*  3S-7 ' 

2-  7 
2-1 1 

2-  6 

6 

\\ 

33-» 

7 
8 

•3 

8i 

8 

iS 
"9 

•kj 

7 
<> 

37-S 

2-  8 

2-11 

7 

1 

•t 

26.9 
29.S 
32-4 

13 
14 

4 

8 
Si 

9 

•^ 

^ 

38.9 

2-I1 

J-  6 

\ 

10 

«1 
a* 

•is 

1 



3S-0 

3-  S 
J  -9 

2-10 
3-  3 

« 

; 

aS-9 

»7-4 
29.3 
31-4 

3S-* 

S 

1! 
1. 

13 

"3 

1! 

,. 

..9i 

37-S 

3-8 

1:2 

4-  I 

!i 

"S    1  10 

•+ 

3" 
3J 

•3«- 

14 

3S-7 

4-  3 
4-10 

s-  S 

3-  9 

4-  4 
4-  8 

Ban  nikrked  *  ihould  only  be  uaed  when  un- 
avoidable. 

i6 

36 
•37I 

14 
16 

37-S 
34  4 

4-11 

s-  S 

4-  S 
4-10 

Thread  on  abort  end  to  be  left  hand. 

Bais  marked  *  sho 
•olulely  unavoidable. 
Deduct  Pin  Ho1«  w 

Id  only  be  u 
hen  figurinE 

sed  when  ab- 
weights. 

c.s.,=j  I,  Google 


TABLE  92. 

Loop  Rods. 

ahskican  bkidge  coupany  standard. 


Pitch  aod  Shape  id  Tbnad  A-  B.  Co.  Standud. 
Additional  Length  "A"  in  Feet  and  Inches  foe  One  1 
A  -  4.ITP  +  s*>R. 

Dlanictcr  or  Side  "R"  of  Rod  id  Inchei. 


<6i 
61 
•«1 


^lll 
■-oi 
1-  li 


■ill 
1-1 
1-71 


■-♦1 


i-»i 

i-s! 

1-61 
l-7l 
1-81 


-ol 


H 


u 


•-9l 


l-9l 
l-iol 

;:■;! 
1-  ii 

>-«i 

•-!( 
»-4i 

i-s! 

■-61 

>-7! 


■ill 


-)1 
=-4l 


■e  special.     Maximutn  shipping  length  of  "L"  <=  35  feet. 


c.s.,=j  I,  Google 


TABLE  93. 

Clevises. 

auericak  bridge  company  3tandabd. 


ii 


Clevis  Nuhbbks  for  Various  Rods  * 


I 
I 

■1 
■1 
■t 
I) 
■1 

Ii 

i 

1 

■J 

•i 
■1 

Ocvilcl  to  be  uaed  with  the  Rods  and  Pins  giveo  ibove. 

Cleviics  above  and  to  right  of  zigzag  line  may  be  used  with  forks  ttraight,  dioae  below  and  to 

^t  of  this  line  should  have  forks  closed  so  as  nc 


D,=;,lz...,'Ct)t)g[c 


TABLE  94- 

TUKNBUCKLBS  AND  SLEEVB  NUTS. 


AllBUCAN  BRIDGE 

AU  Dimeiwioiu  in 

ncbu. 

TURNBOCKLES. 

SLEEVE 

NUTS. 

;^^ 

"=> 

■j!^' 

[*^-+'-^ 

1=1 

^i^^ 

iQSii 

=m'  '"  ' 

.-->'•! 

Pitch  Bud  iliape  rf  thnad,  A.  B.  Co.  Sundwd. 

PKch  and  ibtpe  <rf  thnad,  A.  B.  Co.  Stuidud. 

Diam 

Staodaid 

II 

2!' 

u 

i 

of 

Scnw 

V 

L 

c 

. 

G 

B 

D 

L 

A 

B 

C 

. 

A 

7l 
7A 

7i 
7« 
71 
!i 

81 

A 

A 

I 
I 
A 
A 
H 
I 

lA 

A 

)^ 

\ 

i| 

1 

I 

I) 

}} 

f) 

lA 

,i 

^ 

H 

lA 

tl 

It 

lA 

, 

■A 

il 

.1 

3 

"»"' 

II 

7 

1 1 

II 

ll 

1 

3 

■i 

9 

■A 

A 

>A 

4 

, 

II 

7 

■1 

ll 
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Bolts,  Rods,  Etk  Bars,  Tuknbuckles,  Slebvb  Nuts,  awd  Clbvises. 


W-f 

/! 

i 

^A 

l\iv^ 

4k 

-*i 

k  ' 

Nomber 

Diuuetcr. 

»^ 

NoDba 

To«l 

Net,             TotiJ 

Net 

In, 

IB. 

^ii- 

Sg.  In. 

iDCta. 

.181 

.049 

» 

3.716 

.194 

l.JOO 

5.412 

4.156 

.400 

i.T 

.731 

.307 

.loz 

II 

3.S50 

s.ioe 

^r 

.304 
.419 

1.629 

5-438 

2.879 

8.296 

.838 

■78s 

■SSI 

3.100 

9.621 

1:1;? 

■994 

7 

I.M7 

>-4Bs 

I.0S4 

J  3*7 

12.566 

9-993 

1.194 

6 

3.^ 

14.186 

II.J30 

2.074 

i-S"S 

4.02S 

12.741 

1.61S 

1-40S 

'■744 

14. 121 

4.480 

iS-766 

17-574 

l\ 

J-S47 

J.649 

4 

1 

1. 961 

3.976 

3.011 

4 

g* 

5.203 

ii.374 

* 

4430 

3419 

4 

5-423 

23.095 

*1 

Bolt  Head 

s  AMD  Nuts. 

AMBWCAM  BRIDGB 

COUPAKY  STANDARD. 

I-^--- i 

>. 

■^^ 

)>i4-c 

■k- 

t». 

Rough  Not. 

FtaWiedNut. 

Ron^Hod. 

Fta.— H«-.            Ii 

'           ■ 

f 

, 

(                   h 

f 

'     1 

i-Sd  +  I" 

d 

«,.  +  *-■ 

d-A" 

l-Sd  +  i"        0-Sf 

i.sd  +  A" 

f-A"| 

For  Screw  Thread*.  Bolt  Headt  .nd  Nuts, 

tbe  American  Bridge  Company  hai  adopted  the  | 

Franklin  Institute  Standard,  commonly  known  ai 

United  State.  Standard. 

1 

c.s.,=j  I,  Google 


TABLE  102. 

Bolt  Heads  and  Nuts,  Dimensions  in  Incrbs. 

ambbican  bxidge  company  stakdakd. 


HEAD. 

i 

NUT.                                    1 

f 

a™: 

Squ.™. 

Heia*c™i. 

He.,  or 
Squue. 

Sqmre. 

■3| 

eT 

?s;. 

B 

"W 

iS^ 

W 

9 

CQ 

DIUM.. 

° 

Dl.i>>.ta. 

tMtattB. 

DUmeter. 

Dbmeter. 

L««. 

stun. 

Hd«ht. 

Long.     Short. 

IxHia. 

Sl.«. 

Mdsht. 

Lens. 

am. 

t 

t 

1 

»          i 

1 

I 

1 

H 

1 

tt 

« 

1 

« 

« 

u 

I 

11 

I 

1 

A 

■I 

* 

1 

1 

■I 

1 

I| 

■A 

A 

■1 

■A 

■l 

•A 

1 

■1 

■A 

l-A 

1* 

1 

I(« 

■i 

■A 

■1 

1 

■H 

■1 

■I 

■A 

1 

H 

iA 

■A 

■A 
■1 

■i 

lA 
II 

1 

aA 

■A 

lA 

rt 

■« 

tt 

■A 

■)* 

!l 

.» 

■1 

■A 

■H 

»A 

2 

1 

2« 

aA 

■I 

■H 

a 

«A 

»A 

■1 

11 

•A 

aA 

aA 

■1 

3l 

aA 

i{ 

3} 

lA 

11 

>l 

«i 

a* 

il 

Jl 

■1 

1 

>A 

■A 

11 

>A 

3 

aA 

■1 

Jl 

aA 

lA 

'! 

i| 

11 

:| 

iA 

a| 

■1 

Jl 

al 

jA 

■H 

li 

♦A 

«H 

3A 

aH 

■1 

4A 

aH 

il 

1I 

lA 

*A 

11 

a 

li 

11 

a 

4A 

Jl 

4A 

1I 

•I 

*(♦ 

il 

«l 

4A 

11 

al 

4H 

Jl 

*i 

il 

■tt 

<! 

il 

•1 

4l 

11 

•1 

Jl 

Ji 

4H 

«l 

'i 

6 

*l 

>1 

4H 

41 

al 

6 

4l 

<l 

4l 

■A 

«A 

41 

1 

!l 

4l 

3 

«A 

4i 

!« 

S 

■1 

7A 

11 

!« 

Jl 

■7A 

6i 

!( 

"H 

71 

S» 

Jl 

61 

il 

Jl 

71 

Jl 

B 

X.T  Threads 

Length  in  Inches.                                           1 

Dliu»»r.  I.d»..                                                             1 

t 

1 

i 

1 

1 

1 

. 

>t 

'1 

■ 

I 

zito   2) 

*»to  J 

1 

I 

■I 

II 

■I 

3ito    4 

■1 

I 

■I 

II 

al 

ai 

4ito    8 

1 

■i 

I 

i| 

a 

!l 

al 

Si  to  12 

I 

<» 

1 

a 

>l 

3 

3 

«i  to  10 

> 

li 

» 

al 

'1 

J 

J 

Bolts  not  listed  are  threadc 

i  about  3  time. 

the  diameter;  in  no  caae  are  standanl  Ixilta  tiireaded 

closer  10  the  bead  than  1  inch. 

,n,Co()gli 


TABLE  103. 

Bolts  with  Hbxagon  Heai>3  and  Nuts. 

amekican  bridgk  company  standabd. 

Weight  in  Pounds  pzr  ioo  Bolts. 


■fSSS 

DlomcUr  of  Bolt.  Incliei. 

w 

Dbuaela  of  Bolt.  iDdkM.             1 

K. 

t 

1 

1 

i 

, 

K. 

t 

1 

1 

.  1  . 1 

>9 

33 
34 
36 
38 
40 

s» 

54 
S7 

S8 

9* 
96 

137 
143 
"49 
156 
162 

194 

264 
174 

283 

8* 

9 
9i 
10 

63 

»3 

los 
109 

63 

93 

i3» 

68 

217 

307 

i6 

4J 

66 

97 

137 

loi 

71 

114 

168 

n6 

3"S 

17 

4S 

69 

lOI 

143 

11 

74 

118 

174 

a44 

329 

19 

47 

7a 

los 

14B 

II* 

77 

IM 

iSi 

3S3 

341 

JO 

49 

75 

109 

154 

12 

80 

I  a? 

187 

a6i 

351 

J' 

SI 

.    78 

"4 

160 

»1 

81 

131 

193 

170 

363 

J3 

s* 

8* 

118 

165 

"3 

85 

13s 

199 

178 

374 

J4 

S6 

85 

111 

171 

■3l 

88 

'39 

106 

187 

385 

3S 

58 

SB 

116 

176 

14 

9" 

144 

111 

19s 

396 

37 

60 

90 

130 

180 

14* 

93 

148 

118 

3'H 

407 

38 

61 

94 

IJ4 

186 

IS 

96 

'5* 

lis 

311 

418 

39 

64 

97 

138 

191 

15I 

99 

IS7 

131 

321 

43° 

4" 

66 

100 

«43 

"97 

16 

101 

161 

237 

329 

441 

4* 

68 

103 

147 

lOX 

i6i 

105 

i6s 

243 

3J8 

4SI 

44 

71 

106 

•5' 

108 

"7 

107 

170 

150 

346 

463 

4S 

73 

109 

■S6 

113 

17I 

110 

174 

156 

3SS 

474 

46 

7S 

IIS 

160 

119 

18 

113 

177 

163 

364 

485 

6i 

48 

77 

"5 

164 

lis 

I8i 

ti6 

183 

26S 

37* 

496 

6i 

49 

79 

119 

168 

130 

19 

119 

187 

27s 

381 

507 

6! 

SI 

81 

121 

173 

136 

i9i 

tzi 

191 

2SI 

389 

5 '9 

7 

52 

84 

"S 

»77 

141 

10 

114 

196 

187 

398 

SJO 

7i 

66 

147 
1S» 
1S8 

I8S 
190 

71 

S6 

90 

"34 

Per  Inch 

Per  Inch 

S-6 

8.7 

li.S 

17.0 

11.3 

Additional 

5-6 

8.7 

ii-S 

17.0 

11.J 

He 

XAGON 

Nuts 

AND  Bolt  F 

EADS. 

Weigh 

TS  IN 

Pound 

FOR 

3nb  Head  a 

ND  One  Nut 

Dlimeti 

roCB^ 

.  India 

il 

't 

'1 

, 

>t 

.    1 

Hexagon  H? 

Weight  of  S 

1-73 
■3479 

1.9s 

■Sa>7 

4.61 

.68 

6.79 

13.0 
I.39I 

ankpe 

Inch, 

IS 

1.003 

c.s.,=j  I,  Google 


TABLE  104. 

Bolts  with  Squabb  Heads  and  Nuts. 

allekican  bk1dg2  coufaky  standakd. 

Weight  in  Pounds  pek  ioo  Bolts. 


Diameter  of  Bolt.  InctH.                                                               1 

1 

A 

J 

I 

H 

i 

. 

11 

>S 

11 

37 

56 

13 
24 

39 
4' 

59 
61 

12 

17 

13 
'4 

43 
4S 

64 
67 

9 

>9. 

a? 

101 

144 

»i 

9 

IS 

lO 

18 

47 

71 

104 

ISO 

ti 

10 

IS 

ii 

30 

49 

74 

109 

iSS 

»i 

lO 

i6 

11 

3' 

5> 

77 

113 

161 

J 

II 

17 

14 

33 

54 

80 

117 

167 

3i 

11 

18 

as 

JS 

58 

86 

116 

178 

4 

13 

20 

38 

38 

61 

91 

134 

189 

4i 

14 

11 

30 

41 

66 

98 

14a 

198 

S 

lO 

IS 

ij 

31 

43 

7' 

104 

151 

109 

Si 

lO 

i6 

as 

J4 

46 

75 

III 

1 59 

110 

6 

It 

17 

16 

36 

49 

79 

117 

168 

231 

6i 

7 
7i 

38 
40 
4* 
4S 
49 
S3 

Sa 

55 
57 

84 

113 
119 
136 
141 
«S4 
167 
191 
117 

176 

"85 
"93 

143 

154 
16s 
176 
198 

19 

91 
97 
loS 
114 
131 
148 

3a 
34 

9 

6S 
7" 

135 
169 

303 

11 

364 
409 

14 

93 

Per  Inch 

Additional. . 

'•+ 

... 

3-1 

4^3 

5.6 

8.7 

ia-5 

I7J3 

21-3 

Squake  Nuts  and  Bolt  Heads. 

Weights  in  Pounds  for  One  Head  and  One  Nut. 

IHameter  of  Bolt,  loche.. 

It 

'i 

't 

■      ■•  !   ■  1 

1.0S 

3SI 

S.48 

'5.5 

1.003 





D,t„.n,  Google 


TABLE  105. 
Lengths  of  B(h.t9  and  Tie  Rods. 


1— «.~^ 

jt"  ' 

i 

3 »0« 

.«0« H          1 

i..-..._^._^                     j — *-^ — 1          1 

Dlametn. 

DIuuUr 

OMnMa 

Grip. 

—     GriB. 

1 

t" 

t" 

_r_ 

r 

"P 

s" 

Jl 

r 

1" 

1" 

t" 

1" 

r  1  I- 

'>". 

s" 

s" 

5" 

S  ' 

8" 

9" 

9" 

9" 

9-',l 

5 

5 

si 

S 

9 

9 

9 

9    '    9" 

s 

si 

si 

s 

9 

9 

9    1   oi 

5l 

sl 

si 

s 

9 

9        9 

1!"  ■ 

i" 

Si 

St 

si 

6 

9       10 

;l  ; 

i 

si 

|l 

J' 

6 

6 

6 
6 

3 

9i 

10* 

5J 

V 

6 

6 

6 

9I 

10 

10        10 

s 

6 

6 

6 

6 

9 

li    \ 

6 

6 

6 

6 

6 

10 

Z            2 

6 

6 

6 

6 

6 

6 

ei 

61 

6 

6 

10) 

6 

4 

61 

6 

7 

loj 

loi 

6 

7 

7 

10 

4 

6} 

7 

7 

7 

lot 

6} 

7 

7 

7 

7 

10 

* 

1] 

6 

7 
7 

7 
7 

7 
7 

7 
7 

' 

111' I! 

7 

7 

7 

7 

7l 

7 

7 

7 

1 

7! 

7J 

7 
7 
B 

8 

8 
S 
8 

;;} 

ii* 

\i  ;-; 

]i 

7! 

g 

B 

8 

8 

3 

7 

S 

8 

8 

S 

1 

8 

8 

8 

S 

8 

I 

g 

g 

g 

8 

8 
8 
9 

1 

g 

g 

8 

g 

<l 

8} 

S 

e 

8 

<) 

^\ 

g 

8 

9 

9 

81 

8 

9 

9 

9 

81 

9 

9 

9 

9 

^ 1.,^. - 

For  Cut  Thread. 

For  Rolled  Thmdi  w 

..w1m4«i«:                .j*)?]i 

W           VwluO->l»»«r        -«                                                                 1 

C 
Be 

J)C 

Lgth. 

§if 

LgtH 

BOIDU. 

Lglh. 

CloC 
Beanu. 

L«h. 

CtoC 

Lgth. 

£Z£ 

Lith- 

I^ 

1-3 

»-4.  S.  6 

1-9 

3-10,  II 

4-3 

s'-'!'*,  3 

sV 

fill's,  9 

7-0" 

sV 

8^j" 

1-1.  1> 

3  1-6 

2-7,  8.  9 

3-0 

4-0 

4-3 

S-4.  S,  6 

S-9 

6-10,  II 

7-3 

S-l,  ■.  3 

8-6 

i-«.  S. 

6  1^ 

1-10,   11 

3-3 

4->.  i.  3 

4-6 

S-7,  8,  9 

6-0 

7-0 

7-3 

8-<.  S,  6 

8-9 

.-7.  8, 

9   2-0 

3-0 

J-3 

4-4.  5.  6 

4-9 

^'^" 

£-3 

7-i>  »,  3 

7-6 

8-7,  8,  9 

9-0 

I-IO,    1 

1  l-J 

3-6 

4-7.  8,  9 

S-o 

6-3 

7-4.  S.  0 

7-9 

S-lo,  II 

9-3 

J-O 

s-3 

3-4.  £.  6 

3^9 

4-10,  II 

S-3 

6-1,  2.  3 

6-6 

7-7.  8,  9 

8-0 

2-1,    1, 

,2^ 

3-7.  8.  9 

4-0 

s-« 

S-3 

6-4,  S.  6 

^ 

7-10,  II 

»-3 

c.s.,=j  I,  Google 


TABLE  106. 

Stkuctural  Rivets. 

ahbrican  bbidgb  coiipahy  stamdabd. 

Wbigbt  in  Pounds  per  too  Rivets  with  Buttoh  Hbads. 


f^ 

Diiu^tecof 

Riv« 

iDcbe*. 

'as 

DiuKter  of  Klvet,  Inches.        1 

Head, 

Head. 

lncb«. 

1 

i 

• 

1 

J- 

' 

li 

il 

iDChH. 

1 

t 

1 

1 

i 

' 

_:l 

II 

5 

18 

33 

53 

78 

109 

146 

190 

252 

18 

34 

54 

80 

III 

149 

'93 

256 

6 

19 
19 
20 

34 
35 
36 

55 

56 
57 

82 

113 

115 
118 

'52 

'55 

>S7 

197 

260 

7 

>3 

83 
85 

265 

269 

23 

3S 

so 

68 

91 

I  JO 

204 

7 

>4 

2+ 

36 

S2 

71 

95 

■34 

20 

J6 

58 

86 

120 

160 

207 

273 

8 

'5 

25 

37 

54 

74 

98 

139 

20 

37 

60 

88 

122 

163 

211 

278 

8 

IS 

26 

39 

S6 

77 

102 

143 

21 

3B 

61 

89 

124 

166 

214 

282 

2 

9 

I6 

27 

4» 

58 

80 

los 

148 

6 

21 

38 

62 

91 

126 

169 

21S 

287 

9 

»7 

28 

43 

60 

81 

109 

152 

22 

39 

63 

93 

128 

171 

212 

291 

9 

18 

29 

44 

61 

85 

112 

156 

22 

40 

64 

94 

130 

174 

23S 

295 

lO 

i8 

JO 

46 

64 

8B 

116 

161 

22 

40 

6S 

96 

'32 

>77 

229 

300 

lO 

'9 

31 

47 

67 

91 

119 

I6S 

23 

41 

66 

97 

"35 

180 

232 

304 

u 

lO 

32 

49 

69 

93 

123 

169 

23 

42 

67 

99 

«37 

182 

236 

308 

n 

M 

34 

SO 

71 

96 

126 

»74 

24 

43 

68 

100 

139 

i8s 

239 

313 

n 

II 

3S 

S2 

73 

99 

130 

178 

24 

43 

69 

101 

141 

188 

243 

3  "7 

3 

11 

21 

36 

S4 

75 

102 

133 

182 

7 

24 

44 

70 

104 

M3 

191 

246 

32r 

li 

32 

37 

SS 

77 

105 

IJ7 

187 

25 

45 

7> 

los 

145 

194 

2S0 

326 

'3 

»3 

38 

57 

79 

107 

U' 

191 

25 

45 

73 

107 

'47 

196 

253 

330 

>3 

24 

39 

58 

81 

no 

144 

19s 

26 

46 

74 

108 

'49 

'99 

257 

334 

13 

»4 

40 

60 

84 

113 

148 

100 

26 

47 

75 

no 

'52 

202 

260 

339 

14 

2S 

41 

6i 

86 

116 

iSi 

204 

26 

47 

76 

III 

'54 

20s 

264 

343 

14 

a6 

42 

6j 

88 

118 

■55 

308 

27 

48 

77 

113 

'S6 

207 

267 

347 

>S 

27 

43 

64 

90 

121 

158 

213 

I 

27 

49 

78 

"4 

'58 

210 

271 

352 

4 

«S 

»7 

44 

66 

92 

1*4 

i6i 

217 

S 

27 

SO 

79 

n6 

160 

213 

274 

356 

IS 

28 

4S 

68 

94 

127 

165 

121 

28 

so 

So 

118 

162 

216 

278 

360 

i6 

29 

47 

69 

96 

130 

169 

226 

28 

51 

81 

119 

164 

219 

281 

36s 

i6 

29 

48 

71 

98 

132 

172 

2JO 

29 

52 

82 

121 

166 

221 

28s 

369 

i6 

30 

49 

72 

101 

135 

176 

2J4 

29 

52 

8} 

III 

169 

224 

288 

373 

17 

31 

SO 

74 

lOJ 

138 

179 

239 

29 

53 

84 

124 

'7' 

227 

292 

378 

17 

Ji 

SI 

7S 

»os 

141 

'83 

243 

30 

54 

86 

1 25 

'73 

230 

295 

382 

i8 

J3 

S* 

77 

107 

>43 

186 

247 

30 

54 

87 

127 

175 

232 

299 

386 

1 

D 

>luDeU 

T0(Riv«U. 

^. 

Button 

Head* 

1 

1 

) 

t 

_.J 

i 

i( 

It 

looF 

leada  as  m>de 

Tri^ 

«,P 

Dundi... 

2.4 

S-o 

9- 

6.0 

24.0 

3S-0 

49.0 

78.0 

too? 

ead>  IS  driven 

in  wo 

rt,P 

und. .  . . 

1-9 

4-0 

7- 

2.5 

1 8.5 

27.0 

37-S 

5 10 

c.s.,=j  I,  Google 


TABLE  107. 
Lenoihs  of  Field  Rivets  and  Bolts  fok  Beau  Frawmg. 

"Nw 

r-Hw                             -^ 

^ 

p 

Sinele. 

!4" 

lO" 

18" 

IS" 

n" 

10" 

9" 

8" 

7" 

6" 

5" 

4" 

3" 

■Eir' 

■1 

=1 

12.15 

9.7s 

5:i 

k\ 

..|. 

■1 

2t 

H 

21 

18 

'5 

•4-75 

I2.2S 

9.5 

7-5 

" 

•t 

41 

11-5 

ij 

17.25 

lo.s 

>i 

1. 

•f 

So 

6s 

il 

4S 

3S 
40 

30 

35 

35 
30 

IS 

» 

H.75 

2| 

>1  ' 

1 

!| 

90 

7° 
8? 

6! 

11 

45 

3 

■1 

2( 

95 

90 
95 

s; 

70 

50 

40 

Si 

»i 

100 

90 

S'i 

65 

3l 

•! 

.1 

90 

3l 

.1 

Jl 

95 

, 

3» 

J 

>l 

I 

8.00 

6.» 

4.00 

>l 

' 

•I 

20.5 

15 

13-25 

11.25 

97S 

6.2s 

S.00 

!t 

3" 

z 

■1 

i;.oo 

12.25 

10,  JO 

9.00 

7.25 

6xa 

>l 

X 

«i 

J3 

*5 

20 

20 

16.2s 

'4-75 

11.50 

»l 

'I 

i 

•1 

40 

25 

I] 

=1 

«( 

*i~ 

30 

IS 

II.2S 

"MS 

15.50 

<i 

■ 

2l 

40 

30 

3 

.1 

■1 

•1 

S5 

?s 

jL 

.i  i 

"F4-. 

all 

.11 

all 

all 

.11 

■.i    .;■  1 

all 

■II 

al] 

»i 

4110 

3I-S 

■1 

■  '  ! 

SS  to 
70 

+0  to 
65 

.i 

■1 

Ho  to 

6Sto 

60  to 

75 

«i 

"S 

How 

Soto 

3 

*ti 

■1 

sll 

dl 

.11 

.11 

.11 

■t 

'*: 

— 

all 

10.S 
15 
10 

all 

all 

.. 

(te  -V. 

35 

«i 

IF 

•,■•!»"!.«" 

is"  I  11" 

10" 

9" 

8" 

7" 

6" 

s" 

(*^\ 

3" 

rnp  ft  Bnn.       1 

22 

4 

''cS 

TABLE  108. 

Structubal  Rivets. 

ahbrican  budge  company  standaks. 

Lengths  of  Field  Rivets  fok  Various  Gkips. 

Dimensions  in  Inches. 


--Grip.  B-H 

^ 

'°*'i 

^■Orip,6-H 

k-Grip,b-. 

1     r  ( =  1 

h 

1     r 

1  1 

Ti 

. Unph fj      U— L«rk 4 

!• l.a«Ili <i       ■fH—U.^ar—i 

Grip.. 

Giipb. 

— ■               1 

1 

1 

>  !  ■ 

* 

1 

1 

i 

I 

i 

1 

3 

I 

•\ 

ii 

U 

iJ 

i 

3 
J 

J 

J 

I 

]i 

3i 

3 

* 

3j 

3      1 

* 

51 

}} 

' 

Ji 

>i 

3 
1 

\ 

3 
1 

1 

1 

^ 

ti 

4 

3 

3 

■j 
3 

li 

* 

3 
J 

4 

4f 

, 

4 

41 

■: 

4 

4j 

5 
S 
S 

4 
4 
4 
4 

4 

4 
4 

S 

5 

4 

St 

si 

jj 

5 

6 

4 

1 

5 
S 

f. 

f. 

6 

S 

S 

ftj 

6 

6 

6 

S 

S 

6 

''I 

h 

6 

6 

1 

61 

6 
6 
6 

H 
fi 

6 

6i 

6 

J 

^ 

1 

fr 

6 

i 

7 

7i 

M 

6i 

bi 

61 

s 

6» 

6i 

;, 

7 
7 

7 

S 

6i 

61 

6* 

6 

6 

6} 

; 

f. 

6 

^1 

H 

71 

7i 

71 

7! 

c.s.,=j  I,  Google 


TABLE  109. 
Standards  por  Rivets  and  Riveting. 


D,=;,lz...,'Cbt)g[c 


TABLE 
Standards  fo 

110. 
11  Riveting 

DlSTQNCE  (TOiOF  §Tft66mD  PwTS. 

v/iw£s  ofXfm  vmyins  mwcs  ofA  mob.  1 

miin 

V/IWCSCffI                            1 

ofB 

1 

1 

li 

li 

li 

li 

li 

li 

li 

2 

li 

li 

li 

li 

li 

li 

li 

li 

lii 

li 

li 

2 

li 

a 

li 

4 

li 

li 

2i 

h 

1  d) 
1   <p 

li 

li 

li 

4 

li 

li 

Hi 

li 

li 

a 

li 

li 

li 

li 

li 

'i 

li 

lA 

li 

li 

li 

2 

li 

li 

2i 

li 

li 

li 

li 

li 

H 

li 

li 

li 

iM 

2 

li 

li 

li 

li 

Ij 

li 

Hi 

li 

li 

'i 

i 

li 

2 

ih 

li 

4 

li 

li 

H 

li 

li 

li 

li 

3 

H 

m 

2 

2h 

4 

2h 

lA 

li 

li 

li 

li 

li 

li 

li 

'« 

li 

2h 

a 

2h 

li 

2h 

li 

li 

ih 

li 

li 

i& 

li 

3 

H 

2 

2i 

2i 

4 

H 

2h 

li 

li 

li 

li 

li 

li 

3 

3i 

3i 

2i 

zji 

2i 

ti 

li 

2i 

Hi 

li 

li 

li 

3 

a 

3h 

3i 

2i 

z,i 

2/i 

2{ 

li 

li 

lii 

li 

li 

li 

i 

a 

li 

3i 

3i 

2i 

li 

ii 

2i 

la- 

li 

iB 

li 

li 

3 

3i 

3i 

3i 

3i 

3k 

H 

H 

za 

2i 

in 

li 

li 

3 

3h 

3i 

3i 

ii 

3i 

3i 

4 

NOTE '-Value  i  befow  crtothe  n'gftt  of  upper  zi^za^  line  an  Isryv  enough  fbri  %'v. 
'         »    ■•  -   '      '     •second     •       '     •      •         »      '/'  ' 
'        '      •  '  -      '     -hwer      ■       '     •     -        '      'i'  . 

c.s.,=ji,G(X)glc 


TABLE  111. 
Stand ABDs  for  Riveting. 


Sncrne  orSr/ieeeitco 

/flV£TSItlflnSL£S 

roMmmiN  MetSktioh 

c  in 
inchfi 

bin  inches 

9my 

5lzccfirntt\ 

W 

%m. 

'lim. 

V4' 

V 

*" 

i 

li 

li 

-lUJ 

a 

b 

c 

ih 

i 

4 

li. 

1 

« 

li 

li 

i 

li 

4 

rv  h-i^ 

li 

li 

z 

1^ 

n 

Ik 

4 

■■-:....U_U 

? 

ri 

?i 

'I 

i 

// 

y'iam.i/r'n/.*^ 
b.]IZa„' 

zi 

a 

a 

A 

h 

I 

/,! 

5 

rk 

ti 

/! 

0 

1 

Is 

}f 

a 

1% 

4 

It 

1 

4 

zi 

} 

'i 

a 

« 

4i 

:S 

M 

In 

0 

'i 

1 

s 

34 

34 

/i 

i 

1 

si 

^ 

sf 

4 

s 

f4i 

tl--\^: 

6 

ill 

3^ 

li 

0 

6i 

if 

J! 

,.               .t          M. 

y=dim.tfm*j'' 

T 

¥ 

H 

li 

^i 

4 

WthZrivttihmm^dedua2n*ttsiFb<bA 

«    Z     ••       *        "                n      1      »         h\h 

> 

a 

4i 

li 

4 

4i 

"  5   "    "     " 
"  }   "    «     " 

•    i 

",, 

b>b 

forlrmbUnb 

flialtmilbrj'. 
^'imreUmblbrf. 

c.s.,=ji,G(X)glc 


TABLE  112. 
Standards  for  Rivxting. 


tv  w                                                         1 

".,:.- g."^=T].-^--^i 

F H^^^i =1         « 

i- 

r 

l{\! 

^2i\3- 

^4\lf 

B-  si  6- 

'H 

H 

H 

!i\m 

3  Si 

a 

iiHH 

1  0 

i 

1 

li 

2  H 

'H 

y 

H 

2 

li  0 

MMMl/M  STAGeOi  FOK  RiVETS 

P 

\4^\-.f'.\ 

vr 

'^'i.. 

m 

i   =^- ..  " 

Value  oF  D  h  Inches-                                             \ 

«\ 

'i- 

If 

li- 

It 

li' 

li' 

H' 

li- 

If 

If 

If 

iHi 

-iS'H' 

H' 

h: 

r 

iS 

i 

a 

i 

i 

i 

0 

I 

It 

lis 

It 

li 

# 

i 

i 

i 

f 

0 

if 

li 

li 

li 

li 

li 

li 

It 

i 

V 

« 

t 

i     0 

1 

m 

n 

If, 

li 

1% 

li 

li 

li 

li 

li 

li 

I  i 

{ 

0 

It 

'i 

2, 

li 

li 

li 

IS 

li 

li 

li 

Ih 

H 

li  I-. 

li 

/ 

n 

0 

Cl£AJfAHCE  FOU 

iflYETS  IN  CRIMfm 

Standard  Rivet  Dies     \ 

Web  ff/y£Tws 

Ahgims 

\ 
. 

^ 

tl 

y—r- 

i''Ji':firfj>lvtU 

r>i-1 .,  4-  „ 

/i-T/^-r  •• 

X-.  iu_ 

^yfi  -  f  " 

Distance ''i>"shoai/ie 

iM-h- 

He  plus  thickness  of  chord 

an^a,  butitem-fess  Chan  2". 

\j:j.  ••  '^ " 

D,t„.n,  Google 


Standards  fok  RivETiMa, 

SmNDoeo  l?iv£T§pnaN6  roe  < 


TH-. 

v-c 

-^ 

WICKHCSS 

i'mETS 

i'avcTs 

i'PKTS 

i'mETs 

i'eivtrs  1 

OfPLRTC 

R 

b 

c 

I) 

a 

& 

C 

I) 

fl 

b 

0 

D 

ft 

3 

C 

D 

a 

li 

CD 

r 

i 

i 

2 

1 

¥ 

li 

i 

2i 

li 

li 

i 

2i 

1^ 

i' 

li 

i 

2i 

li 

li 

i 

H 

li 

li 

1 

2* 

li 

2 

H 

li 

li 

¥ 

li 

i 

li 

li 

2 

1 

2i 

li 

H 

Ik 

H 

li 

i' 

li 

I 

2i 

li 

2 

1 

2i 

li 

li 

H 

3 

2. 

li 

ri 

3k  li 

K 

2i 

1 

2i 

li 

li 

Ik 

3 

2 

li 

li 

3ili 

r 

li 

li 

3 

li 

2i 

li 

3i 

li 

H 

li 

HH 

*■ 

li 

li 

3i 

H 

li 

li 

3ili 

i' 

J 

c.s.,=ji,G(X)glc 


TABLE  114 
a.  Bearing  Valuk  of  Rivets 


Value«  above  or  to  right  oi  upper  ligzag  lines  are  greater  than  double  shear. 
Values  below  or  to  left  of  lower  rigiag  lines  are  less  than  single  shear. 

«« 

Ill 

B««ilii«  Value  for  Dlfismt  ThIekncaaH  of  FUte  ^  13  a«>  Lb*.  Per  SqiUR  Inch. 

t 

1 

i 
I 

li 

i" 

A" 

1" 

A" 

*" 

A" 

1" 

«". 

i" 

H" 

I" 

H" 

." 

.196 

.307 
,441 

.6oi 

■78s 

I  180 

18+0 
2650 
3610 
4710 

I  500 

1B80 

TTTo 

2630 
3000 

1880 

234° 

2250 
2S10 

.rt,o 

3000 

iU 

p-o 

4690 

4500 
5150 
6000 

5  910 

6750 
7880 

3  28oi_2^ 
37504.500 

6560 

7  220 

8250 

8530 
9750 

9190 

10500 

9840 
1125c 

12000 

6750   7500 

9000 

«,« 

III 

B™inaValiwt»DlgtrentTMctaK-»ol  Plate  tt  15  COO  Lb*.  PgSqmw  Inch 

i' 

n 

i" 

A" 

1" 

A" 

i" 

A" 

1" 

tt" 

!" 

H" 

i" 

H" 

." 

i 
t 
i 

i 

t 

441 
601 
78s 

1470 
2300 
3310 
4S'o 

S890 

2340 

281a 

3SM 
4210 
^920 
563Q 

3180 

3  7SO 

4100 

4920 

5  74° 
6560 

S860 

ZBIO  J_J10 

3180410c 

37504690 

5630 
6560 

7  500 

6330 
7380 
8440 

8440 

B  200]  9  020 
9  380|I0  3io 

10660 
12  190 

11480 

13130 

12300 
14060 

IS  000 

11250 

RlvM 

|1 

Bcaiina  Valoe  for  Dlffcnnt  ThtelaMna  of  PUte  Bt  >D  000  Lb«.  Pci  Sqoue  Indi 

1'^ 

^ 

i" 

A" 

i" 

A" 

i" 

A" 

i" 

w 

i" 

H" 

i" 

H" 

i" 

1 
i 
1 

1 

.196 
.307 

■44» 
.601 
.78s 

.960 
3070 
4420 
6010 
7850 

2500 

iil£ 

3  7SC 
4380 

JOOO 

3130 
J  910 

t622 

S47( 

6250 

J7S0 

On 

Sooo 

7810 

5  6301  6  560 
6560I  7660 
7  S«1  8  7SO 

7S« 
8  75° 
10  000 

8440 
9840 
11250 

10  3 10 
12030 

11250 

n  110 

10940I 
12500 

I5  3i0 

17500 

16410 

18750 

20000 

'3  7So|i5  0QO| 

16250 

Rivet 

l!i 
P 

Bcuint  Value  for  DtBotdt  TUcknoK*  of  Plate  at  11 000  Lbt.  Per  SqiBic  iDdi 

1' 

Ij 

r 

A" 

1" 

A" 

i" 

*■■ 

i" 

H" 

1" 

H" 

i" 

tt" 

■" 

'i 

1 
> 

.196 
.307 
■44* 
.601 

.785 

a  160 
3370 
4860 
6610 
8640 

4130 
5  160 
6190 

7210 

ftin 

5  500 

68S0 

3  ■K°  *  300 
413c  5_i6o 

4  8k  6010 

4s^ 
7220 
8420 
9630 

8590 

8250 
9630 

928H 
108J0 
113S0 

11340 
13  130 

12380 

14440 

12030 
13750 

15640 

17880 

16840 
19250 

18050 

20630 

22000 

5  500  6  88o{8  250 

15  130I16500 

Klvet 

1!! 

Sealing  Value  Foi  DUfenait  ThicknoK*  of  Plate  at  14  000  Lba.  Per  Square  Inch 

1^ 

ii 

i" 

A" 

i" 

A" 

*" 

A" 

»" 

'»" 

\" 

H" 

t" 

W 

1" 

i 
1 
1 
1 

.196 
■307 

.78s 

2360 
3680 
S3«> 
7220 
9420 

3000 

3750 

4500 
5630 
6750 

9000 

6000 

6560 
7880 
9190 
10500 

91B0 

> 

4  s«H;  630 

9000 
losoo 
12000 

io,3o| 
11  Bio 

13500 

13500 

17060 

18380 

600& 

7500 

15000 

16500 

Ib^ 

19500 

22500 

24000 

TABLE  US 
Multiplication  Tablb  fob. Rivet  Spaono 


1 

Pitch  of  RiveU  in  IdcIw                                                                       !  ^  ] 

l\ 

'i 

i\ 

A 

.1 

.1 

1\ 

3 

>i 

4 

^ 

H 

A 

H 

JLi 

^ 

1 , 

-"i 

-.i 

-«l 

-3 

-31 

-3i 

-sl 

-  4 

-4l 

-4l 

-41 

-  s 

-sl 

-s) 

-si   ' 

3 

-Jl 

-Jl 

-4i 

-4i 

-4I 

-Si 

-Si 

-6 

-61 

-6i 

-7l 

-7) 

-7l 

-81 

-81    3 

4 

-A 

-s 

-s! 

-6 

-61 

-7 

-7i 

-8 

-8! 

-  9 

-9i 

-10 

-lo) 

-11 

-11)    < 

5 

-si 

-6i 

-61 

-7i 

-81 

-8i 

-9i 

-lol 

-Hi 

-111 

-oj 

-ll 

-  ll 

-.l|3 

6 

-61 

-7i 

-81 

-9 

-9i 

-•Ol 

-0 

-ol 

-  1! 

-.1 

—  3 

-31 

1-4! 

-  Si'  » 

7 

-7l 

-81 

-9l 

-10| 

-Hi 

-Oi 

-  li 

1-   2 

-21 

-31 

-41 

-Sl 

-61 

>-7l 

-  81    ,- 

8 

-9 

-10 

-ii 

1-  0 

I-  I 

1-  . 

—  3 

—  4 

1-  S 

1-6 

—  7 

1-8 

1-  9 

l-IO 

-1.      1 

9 

-io| 

-III 

i-ol 

1-  1) 

-.1 

1-3I 

-4I 

1-6 

-71 

-81 

-9i 

I-lO) 

i-iil 

2-oi 

t-  il    « 

ro 

-Ml 

i-ol 

i-li 

1-3 

1-41 

-Si 

-6! 

1-  8 

-9l 

-10) 

-Hi 

.-  I 

-.1 

-3) 

-4l|l. 

11 

i-ol 

I-  il 

i-3i 

i-«l 

i-sl 

-71 

-81 

-10 

-ill 

-oi 

-2l 

-3i 

-4l 

2-6i 

-7!'" 

12 

I-Ii 

1-3 

■-<» 

1-  6 

■-7I 

i-  9 

l-iOi 

—  0 

-  1! 

2-  3 

-4! 

2-6 

-7i 

-9 

.-.ol,  „ 

'S 

I-  1\ 

i-»l 

i-il 

■-7i 

1-9I 

-ioi 

-Oi 

—  1 

-3l 

-sl 

-61 

-8) 

-lOl 

-Hi 

J-  lil'J 

'4 

.-ll 

■-!» 

1-71 

1-9 

i-io| 

.-oi 

-.1 

.-  4 

-Si 

-7) 

2-93 

2-11 

3-0I 

3-2) 

3-4i!'4 

'5 

■-*l 

1-61 

1-81 

i-iol 

.-ol 

.-.1 

.-4t 

2-  6 

-71 

-91 

-ill 

3-1) 

3- Si 

,-sl 

3-  7l  '3 

i6 

1-6 

I-  8 

I-IO 

.-  0 

.-  . 

.-4 

2-6 

—  8 

2-10 

3-0 

3-. 

3-4 

3-6 

3-8 

j-10  1  if> 

'7 

1-7I 

,-9l 

i-.,| 

.-1) 

.-si 

>-si 

-71 

2-10 

3-oi 

3-.1 

3-4i 

3-6) 

3-8! 

j-ioi 

4-  oil. 7 

i8 

■-«! 

i-.ol 

.-oi 

.-  3 

.-Si 

.-7i 

2-  9i 

3-  0 

3-21 

3-4i 

J-6i 

3-  9 

3-lli 

4-  iS 

4-3i:.J 

19 

1-9I 

i-iii 

.-.I 

.-4i 

.-6i 

.-9i 

-ill 

3-  . 

3-4l 

3-61 

J-9I 

3-11) 

4-lI 

4-4I 

4-6i'« 

io 

.-,ol 

a-  I 

.-3i 

.-6 

.-8) 

2-11 

3-  ll 

3-4 

J-6i 

3-9 

3-11) 

4-  2 

4-4) 

4-7 

4-9!» 

21 

i-i.i 

>->i 

!-4l 

.-  7i 

.-lol 

3-oi 

3- 31 

3-6 

3-81 

3-111 

4-  >1 

4-4I 

4-7) 

4-9I 

S-oiU, 

33 

3-  Oi 

>-Si 

.-61 

I-  9 

.-ill 

3-.i 

3-Sl 

3-8 

3-10I 

4-ii 

4- 41 

4-7 

4-9! 

5-0! 

S-  3i  « 

33 

■-    II 

=-«i 

.-7I 

.-.Oi 

3-  il 

3- 41 

3- 71 

3-10 

4-oi 

4-3I 

4-6i 

4-9) 

S-ol 

S-31 

S-  6l|« 

34 

i-  3 

2-  6 

.-  9 

3-  0 

3-  3 

3-6 

3-  9 

4-0 

4-3 

4-6 

4-  9 

S-o 

S-3 

S-6 

S-  9  1  ?4 

'S 

■-ll 

!-7i 

.-lol 

3-H 

3-4I 

3-71 

3-10I 

4-  2 

4-Sl 

4-81 

4-11 1 

S-2) 

S-!i 

S-8i 

s-iil]« 

36 

>-sl 

!-»l 

.-ill 

3-  3 

3-61 

3-9I 

4-0I 

4-4 

4-7i 

4-lOi 

s-ii 

s-s 

S-81 

S-iii 

f^.!,.* 

'7 

.-6i 

.-9l 

3-il 

3-4) 

3-71 

3-111 

4-2i 

4-6 

4-9i 

S-ol 

S-4I 

S-7) 

S-ioi 

6-2i 

6-siW 

28 

>-7» 

Z-11 

3-.1 

3-6 

3-91 

4-  1 

4-4i 

4-8 

4-1  ll 

S-3 

S-6) 

S-M 

6-  I) 

6-S 

^8i|rf 

39 

I- Si 

J-oi 

3-ji 

3-7! 

3-iil 

4-.I 

4-61 

4-10 

s-  li 

5-il 

S-81 

f^o) 

S-4t 

6-7i 

6-iil|2« 

30 

.-9! 

)-  ■! 

3- Si 

3-  9 

4-01 

4-4i 

4-81 

S-0 

s-ji 

S-7) 

s-iii 

6-3 

6-61 

6-ioi 

7-   2il  M 

1 

/I 

;i 

/I 

'i 

'1 

~^ 

^ 

. 

A 

4 

"5" 

"S~ 

^ 

~^ 

"J 

Pitch  c*  RlTM.  Id  iDcha                                                                       '  ^  | 

c.s.,=j  I,  Google 


TABLE  115. — Continued 
Mtjltipucation  Table  for  Rivet  Spactng 


S  1                                                                 Pitch  of  Rivet,  to  Inch« 

I 

i\  3  1  ,i 

Jl 

Jl 

Ji 

Ji 

' 

<1 

<1    {    <i 

5 

51 

5! 

5i 

6 

,\...\ 

— 

-•,  -«|  -  61 

-61 

-61 

-  7 

-7l 

-8 

-81 

-9 

-91 

-10! 

-11 

-..! 

l-C 

J 

i|  -M  -  91 

-9i 

-.ol 

-lolj  -1.1 

i-o 

1-  Ol   .-  .1 

■-■1 

1-  3 

i-si 

.-4l 

.-51 

1-6 

3 

4  i-o,i-  o! 

I-  I 

1-  I    1-  J 

.-4 

.-  3 

1-6 

>-  7 

1-  9 

l-IO 

.-.I 

2-0 

4 

J  i-sji-  )l 

.-41 

■-4I 

1-  51  1-  6i 

.-S 

.-9l 

i-ioj 

.-..i 

2-2i 

2-3! 

2-4i 

1-6 

S 

«  1-6  1-  61 

>-7l 

1-81 

.-,!i-io» 

z-o 

.-.1 

I-  3 

2-41 

2-6 

2-71 

2-9 

2-Ioi 

3-0 

6 

7  1^1-  9i 

,-iol 

,-.li 

.-*^.l 

»-4 

2-3i 

»-7l 

2-  9i 

3-  oi 

3-  21 

3-4! 

3-6 

7 

IJ.-  , 

2-  i 

2- J 

2-4I.-6 

1-8 

2-.0 

3-0 

3-  2 

3-4 

J- 6 

3-8 

3-IO 

4-0 

8 

*-]  2-  4i 

»-sl 

!-6| 

!-  71  '-  9i 

3-0 

I- A 

3-41 

3-6! 

3-  9 

3-1.1 

4-  i! 

4-  il 

4-6 

9 

,o  j-6.-  7i 

l-Sl 

-9! 

Z-,1    J-  11 

3-4 

3-61 

3-9 

J-nl 

4-  2 

4-4i 

4-  7 

4-9i 

S-o 

w 

//.J.-iol-iii 

3-  li 

3-  "1  3-  Si 

3-8    3-.0I 

4-  ll 

<-4l 

4-  7 

4-  9' 

s-»! 

S-3I 

5-* 

II 

,..,-<,,-  ,)  ,-  ,  ',-  41 

3-  6    3-  9 

4-0   4-  3 

4-6 

4-9 

5-9 

3-  3 

3-6 

S-9 

6-e 

12 

'j|j-l  )-  *i  J-  6i]3-  7l 

3-  9l  4-  oi 

4-4,  4-  7l 

4-lot 

3-  .1 

5-  3 

3-81 

s-iil 

6-2i 

&-6 

'3 

'4  3-6l)-  7i 

3-  9l!3-iil 

4-  1    4-  4l 

4-8   4-..i 

3-  3 

3-61 

s-io 

<^  ■! 

^3 

6-8J 

7-0 

'4 

'5  3-9 

3-loi 

4-  olj4-  A 

4-  4!  4-  81 

S-o,  5-  3I 

5-71 

S-iil 

<-3 

6-  61 

6-ioi 

7-^i 

7-6 

'5 

/S4-0 

4-  2 

4-  4   4-  6 

4-  8    3-  6 

5-4I  3-  « 

6-  0 

6-4 

6-  8 

7-0 

7-4 

7-  8 

8-0 

16 

V4-3 

4-i» 

4-  7i|4-  9J4-11II5-  3i 

S-8|  Ir-  Oli  6-  4i 

6-  all  7-  . 

7-  5l 

7-9I 

B-.i 

^ 

I? 

/^^4-<l 

4-81 

4-I0I  5-  o3  3-  3    5-  7i 

fro,  6-  4I'  6-  9 

7-.l'7-6 

7- .01 

8-3 

fH7i 

9-0 

18 

'9;4-9 

4-lli 

S-  ii  5-  4i  3-  6i|3-lll 

6-4 

6-  8i    7-  .1 

7-61    7-1. 

8-3i 

8-81 

9-  'i 

9-6 

'9 

»s-« 

s-"i 

3-  5    3-  71  3-IO  Y  5 

6-8 

7-.     7-6 

7-1. 

8-4 

8-9 

9-  2 

9-  7 

lO-O 

20 

^'[5-3 

!-ii 

3-  »lt3-io!!6^  ii'6-  61 

7-0 

7-  3l    7-.0! 

!-3l 

8-9 

9-2I 

9-7! 

10-  oi 

10-6 

21 

^■1,-6 

i-»i 

5-lilj<^  lif-  5  j^iol 

7-4 

7-  9l|  8-  3 

8-81 

9-  2 

9-7! 

10-  1 

10-  65 

-'i's^ 

s-m 

fr-  «i<3-  i!,6-  81,7-  ll 

7-8 

8-  .ll  8-  7l 

9-  .1 

9-  7 

10-  oj 

10-61 

II-  ol 

1 1-6 

25 

«fr^ 

fr.3  |6-6 

*■  9  |7-  0  1^  6 

8-0 

8-  6  1  9-  0 

9-6 

,,.0 

.0-  6 

11-  0 

11-6 

1 1-0 

21 

«|^3 

i-  6l|<^  9i 

7-  9i|7-  3i  7-  9i 

8-4 

8-10II  9-  4i    9-.oi'lo-  3 

K^l.l 

.i-Si 

n-iii 

11-6 

2J 

^S6-6 

(^9l 

7-o» 

7-  3i'7-  7   «-  l» 

8-8 

9-  ill  9-  9    i<^  jl  ic^io  11-  4I 

l.-U 

"-Si 

13-0 

26 

j;t(H) 

7-oi 

7-3i 

7-  7t7-lo!  !-  3l 

9-0'  9-  61  10-  ll  ic^  8l'li-  3!m-  9; 

12-  4} 

I2-I11 

13-6 

'7 

J«J7^ 

7-3i 

7-  7 

7-10!  8-18-9 

9-4'  9-11    10-  6  |ii-  I  jll-  8 

II-  3 

12-10 

13-  S 

14-0 

28 

2p'7-3 

7-6r 

T-lolS-  111-  3»9-  ol 

9-8  l<^  3i[lo-l0i 

..-511.2-. 

12-8! 

13-3! 

13-10; 

14-6 

29 

J-J7-6 

7-9i 

8-  .18-  31  8- 9^41 

10-0' 10-  7l|l.-  3 

..-.oi  12-  6 

13-1! 

13-9 

14-4} 

I  S-o 

10 

Jt 

3\       3\\   a\    3I 

<   1    4l    1    4! 

41        S 

5i    1    5! 

s\ 

6 

I 

w                                                                         Rtdi  of  Rivet*  in  Inclifi 

c.s.,=j  I,  Google 


TABLE  tt6. 
Absas  to  be  Dbductbd  fok  Rivet  Holes,  Maxwum  Rivets,  akd  Rivkt  Spacing. 


AjtEAS  IN  SqUASI  INCBIS,  TO   U  DmUCTEl   FROM  RlVITID  PlAIXS  OR    SbAPIS  n>  ObIAIH  NST  AUU.        1 

ThkkiKH 
of  Ptato. 

Diameter  of  Hole  In  lochei  (Dbm.  of  RlvM  +  «"). 

lacbM. 

i 

A 

1 

A 

t 

A 

1 

U 

1 

11 

1 

U 

I 

lA 

.1    -ft 

.1 

i 

.06 

.08 

m 

,, 

■i1 

■14 

.16 

■  17 

•19 

.20 

.22 

.»1 

■as 

-»7 

.28 

■10 

■V 

.OK 

■\l 

-Ji 

.11 

■»s 

■*7 

-20 

•11 

•11 

■IS 

•17 

■39 

r 

■\t 

■l") 

■18 

•40 

A7 

A 

•14 

■>9 

.11 

■»s 

■»7 

■JO 

■33 

.36 

.38 

•4' 

■44 

•4b 

■49 

-52 

■55 

.■6 

.2» 

•iS 

■18 

t 

.61 

b 

■:,t 

■*s 

■1i 

■IS 

■19 

■4» 

■40 

■49 

■SI 

t 

MT 

.70 

.lO 

•ai 

•*7 

■11 

■IS 

■I-. 

-41 

■47 

■S" 

•S". 

■S9 

.70 

•74 

H 

■'7 

.^l 

-30 

■34 

■39 

■43 

-47 

.s» 

■56 

M 

■(^ 

-73 

■77 

^2 

.86 

.IS 

.18 

t 

.fii 

.66 

,80 

.84 

•Bo 

1 

.lO 

■16 

■46 

.,6 

-71 

■76 

.96 

.17 

■11 

•IB 

■44 

■49 

■SS 

■71 

■77 

•91 

■98 

1.04 

1*9 

ft 

■*3 

•*9 

•JS 

■4* 

•47 

■53 

■59 

.70 

■94 

"■"5 

1.17 

-18 

::« 

t 

■61 

.69 

.81 

.88 

1.00 

IJ36 

lA 

.87 

-11 

40 

■'Jl 

■71 

■01 

IJXI 

Ml 

1-33 

:J^ 

.zH 

■4* 

A"* 

■0 

M 

■7« 

.77 

.84 

■9" 

■08 

i.i? 

.JO 

■37 

-4S 

■sa 

■59 

.67 

■74 

■89 

.96 

IXH 

1.19 

'■34 

MI 

r 

■47 

.61 

.70 

.78 

.86 

1.03 

I/X) 

1. 17 

>4' 

1.48 

I.!6 

I  r 

148 

I.S6    1.64 

s 

■69 

..,8 

146 

1.6,    ..71  i 

4 

■4S 

■S4 

.63 

■7» 

.90 

■99 

1.17 

I  35 

1-44 

'■S3 

1.71 

'K 

.18 

■S6 

.fi6 

.84 

i.ai 

..69 

1.78 

t.8H 

'P 

■7a 

.« 

1.07 

1.17 

1.27 

"■17 

1.46 

1.^6 

..76 

1.95 

>f 

■4' 

■SI 

■71 

-9' 

1.32 

1.42 

iSi 

1.61 

1.71 

i.«1 

i.9J'a.03] 

•4a 

-S3 

■74 

■96 

1.0S 

1.27 

«37 

"■47 

1-79 

1.90 

IJM 

2.11 

•f. 

.66 

■77 

.88 

.q8 

l.0q 

1.20 

1.64 

1.86 

1.07 

1.08 

2.19 

iH 

^l 

■57 

■70 

.91 

i.r 

1.2^ 

1.I6 

147 

1.S9 

1.70 

1-91 

2.04 

2.H 

2.27 

■47 

■W 

■?" 

■"4 

l,UV 

i.^iy 

1.41 

\\i 

i.<W 

2.11    2.13 

^•34 

■71 

■97 

i.og 

•■3l!i-4S 

1.S7 

1.70 

1.94 

1.18   z.30'2411 

■SO 

.63 

■75 

1.13 

I. as 

1.38^1.50 

..63 

I-7S 

1.88 

2.13 

2.2s  1  2.38  j  2.50 

MAXonn.  Rivbi  m  Leg  or  Ancl^  c  Fla»g. 

w  Beams  and  Cbahhiu.                                 | 

Ug  of  Angle 
Mai.  Rivet 

1 

i  1 1  1 

1 

7 

■! 

s 

1 

1 
1 

1 

h 

■1 

i 

li;'.fl 

Depth  of  Be.m 
M«.  Rivet 

i 

12 

* 

'i 

1 

20 

i 

1 

Depth  of  Channel 

1 

)i'. '. 

tS 

Mai.  Rivet 

i 

i 

i 

i 

I 

1 

Rivw  Spacing  in  Inches.                                                                   | 

Mintaium  Pitch.       ]            M«.  Pitch  In  Une  of  Strew. 

Mhi.  EdwDM 

Allcwed. 

PiEfeired 

Conip.Msiii. 

Btidie*.             Bl 

ki-,.. 

sh«™i. 

itotkd. 

., 

ll 

J 

. 

6 

, 

1 

"'• 

3 

J. 

It 
1 

ijlli 

J 

:i 

n 

c.s.,=j  I,  Google 


5ize    TWOAMGLtCOMNECTIOHS 


TABLE  117. 

Old  Stakdakd  Connections  fob  Bbaus  and  Channels. 

American  Bkidge  Coupanv. 


OMEAtlOLECOHNEaiOMS 


24 


Weiqht  56  pounds 


Weiqht  30  pounds 


W    iiaf 


10 


2l!4x4xf;x|-2f 
Weiqht  50  pounds 


Weiqht  Expounds 


^li'    M 


^~'^'  Weiqht  Zl'pomde 


Jiji"      li^i" 


51-^^.  116x6^x10' 
^'  Weiqht  ITpoonds 


■  2l5  6x4xi6xTf 

if 

.  Weiqht  ZO  pounds 


^'      ^ 


lL6x6Ai6x7i 
Weiqht  ISpoonds 


.fl 


!5i :       m 


2l!6x4xt6x5 
Weiqht  Upounds 


IL6x6x^x5' 
Weiqht  9  pounds 


6E.5 
^p3 {?g_ 


■Efe6x4x^xer 
Weiqht  Tpowids 
'2t6"x4'xrxe° 
Waqht  6  pounds 


I^ ^ , 

iM'     ^iii  4Si 


Weight  5  pounds 

IL6x6x«xE' 

llfeiqht4pounds 


Weiqhb  of  connections  include qrossweiqhtsofanqlesandweiqhteoflshop rivets 


D,=;,lz...,C()()g[c 


.New  Standard  Connections  f 


TABLE  118. 
t  Beams  and  Channels. 


Ahekican  BitnxiE  Cohpant. 


&L  ^^"m" 


Blveta  and  boIts-?4~diain. 


lAiiila4"><".Va'l],^ 


^'^■^(^-aW  i««i.«'<(".?f;>ci^l^  >Aiu[i««">i «".%"«)! 


LnoTiNG  Valuks  or  Bkau  Cojojechohs. 


a  of  OuUtaadiDE  L#£a  of  CooaecrJon  An^le*. 


^ 


26,000 
23,600 


3S.3°o 
35.300 
3S.300 
35.300 
35,300 

36,500 
17,700 
17,700 
17,700 
17,700 
17.700 


16.3 


49,500 

41,400 
42,400 

JS,300 

28^300 
28,300 


17.6 


rABLK  Unit  Stress  i: 


iRivEts Shop  I 

Single    iRivctsandTurnedBolts. Field  n 
Shear      Rough  Bolts Field    . 


iRivcts — enclosed Shop  30.000 

i  n  Rivets — one  side Shop  14,000 

I  Hearing    Riven  and  Turned  BoIh  ...Field;      " 
I  iRough  Bolts Field  1 


t  =  Web  thickness,  in  bearing,  to  develop  max.  allowable  reactions,  when  beams  frame 
opposite.  ' 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered). 

The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  use. 

Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  values  are  greater 
because  of  the  increased  efficiency  due  to  friction  and  grip. 

Special  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above  are 
exceeded — such  as  end  reaction  from  loaded  beam  being  greater  than  value  of  connection; 
shorter  span  with  beam  fully  loaded;  or  a  less  thickness  of  web  when  maximum  allowable 
used. 

_ 


Beveleo  Beam  Con/zect^s  ~  Rivet  SmciN$  <f  Clemahces 

.'if^         connection  angles  0>fnt)- 

|*SL       W'^'tolg,  use  Special 
cannaction  angles  (bent^- 


--U      ..     ,  ,>^  V  .   ^.-    ^      ,^^J«   ■        V  r.    ,  rr  't  CUt  P  wftOTe 

/>,y^:^^^::i^l.l  P^-2^^_f  j^/^  '^P,         ^'  {B.i'inl2:criess 

F^  large  dupiiCation  modify  these  details  xfhere  necesssry  to  ■\'^'4  orless- 

permit  madiint  rivtting'     Tsble  covers  plates  aptoj  "thick  •  \f-'  i" or  less  • 


• 

. 

Man- 
c 

Mix- 

0 

E 

H 

LeiiStl76f  Bent  Plates 

L 

P          1 

P-\  l»\  Pt\   P> 

F-i^tei 

•p-i'ta4 

/' 

12' 

f 

If 

2r 

r 

li- 

li' 

i 

12 

4 

li 

2i 

5*e  notes  alioife- 

li 

li 

14 

i 

12 

i 

It 

^i 

li 

2 

2i 

4 

12 

li 

a 

Si' 

2i' 

10' 

iif 

10' 

If 

li 

2i 

2i 

S 

12 

li 

4 

4 

i 

II 

I2i 

lOj 

12 

It 

2i 

5 

6 

12 

li 

li 

4i 

i 

12 

IH 

II 

12 

li 

Zi 

H 

7 

12 

li 

s 

S 

a 

I2i 

I4i 

Hi 

12 

It 

i 

ii 

e 

-12 

li 

si 

a 

n 

m 

ISi 

12 

12 

li 

a 

4 

s 

12 

li 

12 

m 

a 

4i 

10 

12 

li 

3 

I2i 

2 

4 

S 

11 

12 

li 

1 

n 

? 

4i 

Si 

li 

12 

li 

ii 

I2i 

2i 

4i 

Si 

B 

II 

i 

2i 

12 

li 

4i 

Si 

1? 

m 

* 

.5 

12 

li 

B 

6 

12 

3 

i 

3 

12 

li 

Si 

Si 

1? 

s 

i 

M 

12 

li 

6 

7i 

12 

7 

i 

it 

I2i 

2 

fi 

Si 

12 

6 

i 

H 

I2i 

2i 

H 

10 

12 

S 

i 

4 

« 

2i 

9 

Hi 

12 

4 

t 

■>i 

Hi 

H 

II 

14 
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TABLE  120. 
SiANDAU)  Sway  Rod  and  Lateral  Connsctioks. 

AUEUCAN  BKIDGE  COMPANY. 


5my  yftw  Connections- 


J\','f  For t^att rods Jrivcboyer/f'/viff)^ use  c/ev/sfa-l^^^^.^^  *,■ 
T,,^   /'Vji  3p€eify  hexagonal mts  on  all  sway  rods-     l^^'^>~.^  /    ^' 
4^3^/^  J!i/  Bolts  can  have hexagonslor  s^vara  heads  or  nuts \  ■*£  -^/*/ 


Hole  for  rod  punched  ^  larger  than  rod- 
Rod  f  "round  (not  upset).  Bolts  f  V/  '/wxl-      l?od  I  'round (not  upset).  Bolts  ^'erfn 
Rod 4' f'>'^ (f^ "P^^)} Bolts^'er§ fomd-   Rod  1^ rovnd(not upset^Golts^'rot 


^OTgromtd- 
^round- 


A 

B 

Size  cf Angle 

e 

R 

A 

e 

Size  oF Angle 

6 

R 

12' 
6'tall' 

i'uiz- 

S-'4-4-Jhn, 

% 

'*'. 

12' 

fU'.mi-'s 

% 

r. 

2 

B£VEiJD  msM£/is,  Cast  Iron- 


■V 

N- 

-r 

■r-Slot 

Sketeh 

Ratrxl 

UpS4t 

A 

e 

c 

D 

f 

f 

6 

H 

L 

* 

X 

K 

SizeifSk, 
In  Plate 

mi^ 

Peuai 

A 
A 
B 

e 

V. 

None 
None 

'in 

2f 
2i 
2i 

'f 
'i 
'i 
'i 

r 
'i 
1 
li 

r 

4 

i 

a 
i 

r 

li 

'i 
I'l 

li' 

li 

H 
ii 

H 

*i 

4i 
6 

If 
2 
2 
2i 

4' 
S 

e 

li- 
li 
li 

li'-H' 
li'H 

IS 
2-6 
2i 

a 

For  rods  abenm  //  diam-  use  clevis  eonneet/ons- 


D,=;,lz...,C(Xlg[c 


TABLE  121. 

Standard  Latskal  Connbctiohs  pos  Highway  Bridgbs. 

American  Bsidgb  Cohpamv. 

5/(£lvaACK  "a",  Wei^  6-8 lbs- 

»— ,        ^ewbackA  for  rtxfs  up  to  /^  round 
^i     or  Ig  square  (upset  to  /§  "rounofj  ; 

for  upsets  /g  diam-  or  less,  angfe 


o 


/jf;/^fj^-5?'^-3?Vi2^'         oF  rod  may  vary  From  32'(7i"/n  12') 

')  \A>    .i'      ''y%^-  ■  for  upsets  greater  than /g  t/iam-vp 

'.'  ,¥  >-  .-'.Ar^i^^%^  ,'''-1^    tol§  d/'am;  angle  of  rod  may  vary  frvm 

\  "  4/i  'do fin  12')  to  60°02'-m  6§'J- 
Standard  slot  in  beam  3^  "6"- 


*/ 


CL-ofmiJ        'Sadlus-ii' 


SkewbackB,  Weigfit  17 ll}s- 

Skeivback  B  for  rods  /^  round 
or/g  square  (upset  to/§"roune^ 

y-^'roun^  (upseC  to/g'round)  or 

"       \lj  square  (upset  to  2  "round^ 

For  upsets  /§  'diam-  or  less , 


.a 


»i              Ji\2  2\   4j    :  4f^    P'-Jf  ror  upsets /g  o/^- or /ess. 

^  nq^-w-K.^ .^. -_ '- -t,Arfj^_^^^^  gngiecffvi^may  i'ary  from  33^ 

■S  •   /     \h.*-\:'' -Z^^,^^^'     (S'i'>l2'')to60'02''in6^')- 

^  *?'''  'C*'"''^    li^^P'Nj^^.''^-**  for  upsets  greater  than  ij'diam' 

I'        !  * :  ^:    \  ^,^^\/-'       'i*^*     ifto2''di3m;angl«ofrodm3yyafyfn. 


OL-ofwel^' 


;  angle  of  rod  may  ya/y  from 
38§YS^'lni2'Jto  60'(l2'in6%')- 
*J?adius  •  4-3''  Standard  slot  In  beam  4^"  $i  • 


C-L  •  of  web  J'         'Radius  •  4i ' 


Skewback  C  for  rods  l^'round  or 

Ik  square  (upset  to  2"round); 
^U^'round (upset  to  2i%und)cr 
|/j  squ3re(upset  to  2^  round) 
Angle  of  rod  may  vary  from 
■*  40i'(l0f  in  I2-) to  64^(12%$^') 

for  all  rods- 
Standard  slot  in  beam  4f  "Sg' 
Where  upset  end  ofrod/s  greater 

than  2g  diam;  hole  in  washer  will 

be  drilled  to  fit  upset  ■ 


D,=;,lz...,'Ct)t)g[c 


TABLE  122. 

Standabd  Lateral  Connections  and  Stub  Ends. 

American  Bridge  Company. 


U  Plate  A,  Weight  5-9  lbs- 
e  5'*^'>^  If  long' 

Washer 
^^\     Weight  0-5 lbs- 
-•^^     Plate  ^''^'-'Hl 

Max-  hole  /j 


U  Plate  B,  Weight  8-6 lbs- 
|ip  to  Ig  Sf0year!^rsan^(tf«t  teZ) 


Washer 
might  I  lb' 
Platt^H'-'hl 
Maxhok  ?/'" 


Stub  End  N'-I- 
Weight  4-i lbs- 
Plate  H'''f'H"^°'^- 
fides  ^'diant' 


P i 

■g  roami,  7^  long 
2Hex-Nuts-  i'Tap- 


l*,L* 


w^i 


l/Xji'pi'/iM'    Plate 
Welghti-Blbs-        mighti-ilhs-       pTH 


Holes  §  diam- 
/'  /' 


_Hides-ij 


JV. 


Stub  Em  H*^ 

might  iZ  Ik- 

Halt  4H',H'I^ 


s 

^  rovt^)7f  long   f  round,  7j  long   j  roimd,8  hm- 
B  flex-Nuts-  J  Tap-  Z  Hex- Nuts- j'Tap-  ZHexHstsfT^ 


D,=;,lz...,Ct)t)g[c 


TABLE   123. 

Standard  Lag  Screws,  Hook  Bolts  and  Washbbs. 

Aeerican  Bridge  Company. 


Length 


Diameter 


ofScmiif/hJ 


lengA  Length 


fMhrtae 
per  inch 


LengtliaFi^g 
5crew5iiiead 


Heads  an?  the  same  as  ibrsgi/sre  hadiroits 
Thvadeefportianis  mi  tapertdaa^atjmt 


B£AM  Clamp 

§  Cored  tiok 


«2^pa;v 


Dimensions  of  Clamp  Wght 
in  lbs- 


OOEE    WASHERS 


'Ihcess  /brnaiilsck- 


Dimensions  of  Wasiier 


might 


0-7 
1-0 


Shewbach  Wasme/?s 


Dinxo^ns  of  Wasfiers 


H' 


Wiight 
in  hurxfs 


IS 


2-7 
iO 
i-3 


Ifil^itngHo^  Seltsjiyi^BtitsiaisA, 
5Si;a!l  other  dimmsKisanstan^ani 
iJnlessetherwsespKiTiid,5"v^i!l 
k/Bx/e^"-  Hex- nuts  funjislKiJ- 


CAsrleort  Cup  WASMERi 


c.s.,=j  I,  Google 


TABLE  124. 
Weights  op  Wa^eks  and  Tkack  Bolts. 


^undi  pa-  Himdnd.    (Kent'*  Pocket-book.) 
LoHIh.  Undet  Head.  In  Inche*. 


»i     I     Jj     I      3     I     3l    I      4  4l     I 


J^l 


J^L 


I.15I  9.25!  9.6110.8211.5013.31  14.82, 16.50' 17.37  18.82' 1 ' 

!.62i  12,88  ij,28.i6.6i'i8.i8' 18.88  19.50  21. 2s'i3. 56  35.311 | 

'.iB|iB.07Ji9.i8  22.00  24.oo;26.8ii8.2sl30.37l33.88'3S.37  38.94  44.37I 

— k4.07l3s-88139.2s  42.62147.75151.62  55.12  61.88  68.75,  77-0 

— 64.00  67.B8  71 .37  79.37  86.62  92-75  97.50  108.7 


6.88]  7-50 
11.7s 
16.88 


ForAmericaoBridgcCompany'iSuodard  Lag  Screwi  tee  Table  1*3. 
WKouCHT  Ikon  tat  St««l  Plats  Rotmo  WikSHnts. 

Thick-  I  TUck- 

.      Mm      Bolt.     Num-    EHam.'  Hole,      nen       1 

B.W.C.  berin  B.W.G. 


Thlck- 
B.W.C. 


14400 
8400 

5800 


STAmiAU)  Cast,  O  G  WiSHias. 


.     Thick-  Weight.      Diani. 
nes*.  of  Bolt. 


Bottom        Top 


lU 


ili 


83 


tl  130|6.3     , 

]  'S4'S-7 
1  '260  5.5 
li  266  5.4 


IT»  375 1 4-" 

lA  410  3.7 
lA  435  3-3 

lA  465  3' 


& 


c.s.,=j  I,  Google 


TABLE  125. 

Weights  of  Steel  Wdk  Nails  and  Spikxs. 

Ambucan  Stkbl  and  Wirb  Co. 


SiANDAKD  Sibil  Wm  Nails  and  Spiebs.                                                       1 

—  ■ 

1 

11 

1 

! 

i?5 
III 

1 

i 

tarbed 
Car. 

Hfaxe. 

1 

J 

1 

1 

f 

1 

1 

1 

i 

Sbe. 

--tee. 

1 

1 

& 

1 

i 

,! 

i 
It 

9 

:: 

rift 

7T 

I55 

46s 

3 

E 

1 

1 

90 

Tk 

i 

316 

63 
1 

i 

4M 

jdEiJlne 

36i 

B 

■  SI 
IP3 

i 

400 

317 

~ 

~^    J 

3 

J04 
S3 

— 



— 

n 

»36 

"i 

4fi 

187 

— 

Si 
1 

so 

II 

>T4 

1 

SO 

83 

1 

ii 

47 

Id 

■1 
.1 

^S1 

3« 

61 



— 

30 

so 

~ 

rr_ 



— 

18 

30 

aj 

I 

5 

■i 

19 

,     i3d 





— 

.„ 

— 

-ffl 



~ 

~: 

:i: 

z: 

~ 

:~ 

". 

;zi 



— 

— 

zz 

:=_ 

::.- 

:3 

z: 



— 

■~ 

~ 

— 

- 

— 

— 

M 

O.S 

Lensth  inlKhe.. 

'\u^ 

) 

1         1 

, 

II 

,| 

II 

i 
38 

u 

103 

38 

1) 

4> 

H 

I64 

3S0 

i 

i 

83 

178 
J36 

3( 

4 

4t 

f 

6 

T 

t 

9   jio 

.307 

Mi 

J63 

1 

IS 

w 

s 

i 

ai33 
3000 

38 
44 

i 

1 

103B 

1 
i 
1 

ii 
30 

3S 

ii 
i 

8 

i 

i 
70 

I 
13 

i! 

so : 

i 
1 

i 
if 

41 

i 

Hi 

oo 







r: 

ill 

I 

: 

48 
3S 

[; 

T6i 

i 
.s 
iS 
E 

-- 

= 

i 

4'3S 

s 

S4S 

;i 

ii 

J4t 
S3( 

IS 

i 

59  '    53 



\ll 

lOJ 



SI 

.03S 

Game. 

-. 

.. 

U 

__ 

„. 

— 

V 

— 

000 

■1 

3l 

ll 

- 

- 

•    ' 

uul  large  ottU 

iiilniate  numben  are  an  average  only,  odd  (he  figure*  given  may  be  varied  dtber  way.  by  change* 
>iu  of  twada  or  points.     Biadi  and  DO-head  oalla  will  have  more  la  the  pound  than  table  ihowa. 
ck-headednail»SuihaveleH. 

D,t„.n,  Google 


TABLE  126. 
Weights  of  Nails  and  Spikes. 
From  Cambeia  Steel. 

Cut  Sibil  Nails  and  Sfiees. 

1 

II 

Ji 

J 

p 

II 

1 

1 

1 

11 

1 

1 

i      I300     - 
1        1100  '  9« 

1 
1 

i| 
'1 
I| 

II 

»i 
ai 
»i 

3 
31 
31 

4l 
41 

31 

61 

TSO 
Aw 

soo 

id 

ad 

3d 

74C. 

400 

..00 

400 

340 

3d 

4<1 
5d 
6d 
7d 

9d 

iid 

aod 
asd 

30d 

40d 
sod 

460 

360 

Sdo 

iSo 

^^     V  ■  "T'   '  -1 

Tn- 

■ 

B^^'a*,* 

RS 

60 
46 

161 

ISO 

lOO 

6S 
48 

S30 
300 
I6S 

96 
t6 

*aO 
300 

130 
31 

114 

ISO 

ISO 

So 

60 

3B 
16 

.6 

130 

S5 

M 
SB 

4» 

il 

30 

Si 

1      1  ■■        I 



.. 

1      1  ■  ■ " 

i               1 

Squau  Boat  Sheu. 

Length  of  S^lke— Incbe*. 

Sl»e.    1     3     1 

4 

5          6 

'    1    s 

0 

.0 

5i». 

6 

, 

si. 

10 

.     .a,i4      >6 

A" 
1" 

3000 

1660 

'jj^ 

^ 

5o||S« 

A" 
t" 
1" 

450 

m 

.oU 

090 

880 

7S  a66  !a40  | —  '.- 
ao|aosji(K>|iTS    160 

Railroad  Sncn. 

^Ha-" 

J^A 

Spikes  per  Mile 

Single  Track 

Tie*  a  Ft.  c.  to 

4  Spikes  peiT 

of 

S-H: 

an  Under 
Head. 

<ss. 

4Sptte.wTfc." 

Rait  f«l. 

Inches. 

Pound, 

Kei 

Pound,. 

Inches. 

R.u«l.. 

Kevi. 

Pound). 

Six 
4)X 

ft 

400 
6oo 

S870 
S170 
4660 
3060 

351 
a3t 

>7j 

40  ■■     S6 
30  "     35 

4lXA 
4  XA 

31XA 

4    XI 
31 XI 
3   XI 

900 

13SO 

1J»0 

'Si 
■4) 

lOl 

16  -  » 

c.s.,=j  I,  Google 


TABLE  127. 

PiFK — Black  and  Galvanized. 

national  tubb  company  standaid. 

Standard  Pipe. 


^'^JS/""- 

Coupltad. 

In. 

Thick- 

ThnacU 

perlDch. 

Eirtcniid. 

,.^. 

I^^ 

St 

Threads 

'is^- 

\^: 

Wdiht, 
Pounds. 

-40S 

.269 

.068 

.24+ 

.24s 

27 

.561 

i 

.019 

■S40 

■364 

.088 

■414 

■415 

18 

685 

-0*3 

.675 

-49J 

.091 

.567 

.568 

18 

848 

.070 

.840 

.622 

.109 

.850 

■852 

14 

I 

024 

.116 

1.050 

.Sh 

.113 

1.130 

1134 

'4 

1 

2B1 

.109 

iJiS 

1.049 

.133 

1.678 

1.684 

"i 

I 

576 

■343 

1.660 

1.380 

.140 

2.272 

1.281 

<ii 

I 

950 

■S3S 

1.900 

I-6IO 

■>« 

2.717 

1-731 

I'l 

1 

118 

■743 

1-375 

2.067 

■iS4 

3.6s* 

3.678 

iii 

J 

760 

1.108 

a-875 

*-469 

.103 

5-793 

5.819 

8 

3 

276 

•it 

1.710 

3.500 

3.068 

.1(6 

7-57S 

7.616 

8 

3 

948 

1498 

4.000 

3.548 

.116 

9.109 

9.202 

8 

4-59" 

4.141 

4.500 

4.016 

.237 

10.790 

10.S89 

8 

5.091 

4-741 

5.000 

4.506 

.247 

11.538 

12.642 

8 

5-S91 

5-141 

5-563 

S.047 

.258 

14-617 

14.S10 

8 

6.296 

8,091 

6 

6.63S 

6.06; 

.280 

18.974 

19.185 

8 

7-3S8 

9-5S4 

7 

7.6^5 

7.023 

.301 

J3S44 

23.769 

8 

8.358 

10-93* 

9 

S.625 

8.071 

.177 

24.696 

25.000 

8 

9-3S8 

13-90S 

S 

8.615 

7-981 

.322 

28.554 

1S.S09 

S 

9^358 

13.90s 

9 

9.62s 

8.94" 

■341 

33-907 

34,188 

8 

.0.358 

17,236 

lO 

10,750 

10.192 

.279 

31.201 

32.000 

8 

11,711 

29,877 

lO 

10.750 

10.136 

.307 

34-140 

35-000 

8 

11,711 

29.877 

lO 

10.750 

1O.O20 

.365 

40.483 

41.133 

8 

11.721 

29.877 

11 

11.750 

1 1.000 

■3  75 

4S-SS7 

46.247 

S 

11.721 

6» 

33.550 

12 

12.750 

12.090 

-330 

43-773 

45.000 

8 

13.958 

61 

43.098 

13 

12.750 

11.000 

.375 

49-561 

50.706 

S 

13-958 

6i 

43.098 

13 

14.000 

13.150 

■375 

54-568 

55-824 

8 

15.108 

6i 

47-151 

14 

iS-ooo 

14.150 

■375 

S8-573 

60.37s 

8 

16.446 

6i 

S9-493 

IS 

16.000 

15.250 

■375 

62.579 

64.500 

8 

17.446 

6* 

63.294 

1 
F 

1 
1 

the  CO 
A 

desire 

"he  permissible  variation  in  w 
umished  with  threads  and  co 
aper  of  threads  is  ]"  diamete 
"he  weight  per  foot  of  pipe  wi 
upling,  but  shipping  lengths  c 
11  weighu  and  dimensions  a 
d  must  be  specified. 

ight  i,  s  p. 
phn^  and 
per  foot  1 

h  threads 
f  iinalUizt 

r  cent  abo 

DBth  for  a 

nd  couplin 

s  will  usus 

On  size 

ve  and  5  pi 
lengths  u 

:s  is  based 
\y  average 

r  cent  belc 
less  otherK 

on  a  lengt 
less  than 
more  than 

ise  ordered 

of  10  feet 

to  feet, 
one  weigh 

including 
t,  weight 

loiL.OOgIC 


TABLE  127. — ConHnvtd. 
Pipe — Black  and  Galvanizkd — Concluded. 

KATIONAL  TUBE  COMPANY  STANSAKD.    ' 


Extra  Strong  Pipe, 


Double  Extra  Strong  Pits. 


Dlanwlsi. 

Wdrtl 

Wo«bt 

r- 

Thick- 

■si.r 

I;- 

TUck- 

si3t 

iDtSIBl. 

Bud*. 

Enenal. 

tntond. 

Bail. 

.405 

-IIS 

■09s 

■314 

\ 

.840 

.iSi 

1.714 

119 

-S3S 

1-050 

^34 

2.440 

.675 

.738 

.358 

3-659 

.546 

147 

1.087 

il 

.896 

.381 

5-*'4 

t 

1.050 

.742 

•i 

1.900 

1.100 

6^08 

i 

436 

:! 

III 

»-996 

2i 

»-87S 

1.771 

J^ 

13.695 

1.500 

JOO 

3.631 

3 

3-Sa> 

2.300 

a.37S 

'-939 

Z18 

5.012 

3l 

4.000 

2.728 

.636 

22.850 

1.323 

■674 

»7-S4i 

3.500 

10.151 

4i 

5.000 

3.580 

4.0CO 

3.364 

JIM 

12.505 

5 

5.563 

4.063 

■7SO 

36.55: 

4.500 

3.826 

117 

14-983 

6 

6,625 

4897 

-86+ 

S3-I&. 

5.000 

17.611 

i%\ 

.875 

i 

t^s 

5-761 

375 
432 

10.778 
28.573 

8.625 

■875 

1 

7.61s 

7.62s 

50D 

43.388 

Permissible  variation  in  weight,  for  eitra  Btronj . 

9.615 

■loo 

SOO 

54-735 

ntabow 

\\ 

11.750 

ii.750 

10.750 

11.750 

Soo 
500 

60,075 
65.415 

and  10  per  cent  below. 

I] 

13.000 

1,00 

72.091 

■! 

16.000 

14.000 
15.000 

SOO 
500 

77.431 
82.771 

i 

L«.a.  0.  D.  Pint 

i 

i 

Wdchc  tier  Foot,  Pounds. 

TbkbH.  iDChH. 

1 

A 

1 

A 

1 

A 

1 

\ 

i 

. 

■4 

J6.7I3 

4S.68i 

54.568 

63-37" 

71-091 

80.716 

89.279 

106.134 

122.654 

138.84J 

;i 

39.383 

49.020 

S8-573 

72.716 

77.431 

86.734 

95.95-4 

114-14. 

132.000 

149.511 

+i,osj 

S2-3S7 

61.S79 

81.771 

91.742 

121.154 
I  JO.  164 

141.345 

17 

44.723 

5S-69S 

66.,84 

77389 

98.749 

109.304 

150.690 

170.88; 

18 

47.393 

59-03* 

70.589 

93  ^S' 

104.757 

115.979 

138-17' 

65.708 
69.04s 
74.383 

86.609 
94.619 
102.629 

91.407 
96-079 
100.752 
110.097 
119.442 

128.7B7 

118.(12 

10+.131 
109.471 
U4-8U 
.25.491 
136.172 
146.852 

!1 

;i2.78o 

11B.787 

140.801 

151.818 

142.680 
i|6.o|o 
169.380 
182.730 
196.081 

170.215 

'*r 

202.I5S 

ii8.»7| 
234.296 

1 

:::::::  i;::...i 

Furnished  with  plain  enda  and  in  random  lengths,  unleu  otherwise  ordered. 

All  weights  and  dimensions  are  nominal. 

D,=;,lz...,'Ct)t)g[c 


TABLE  128. 
Stamdaxd  Gages.     Coufarative  Tablb. 

Carnegie  Steel  Co. 


ThickHH  In  Dccdiiuli  (rf  aa 

Inch. 

»^.  1 

i 

=^■1 

Ill 

rii 

■a 

D 

II 

4 
1 

"i 

1 

i 
•'4 

ooooooo 

SCO 

■4900 

4687s 

.5S0000 

4615  ... 

4~    ::. 

ooooo        ~ 

SOO 

•4375 

.516500 

430; 

■4S0 

43* 

oooo 

4S4 

.40625 

.460000 

3938 

400 

400 

4*S 

■37S 

.409642 

3625 

360 

371 

5000 

380 

■3437S 

.364796 

3310 

330 

348 

44S» 

340 

-3"S 

.324861 

3065 

305 

3H 

3964 

300 

.28125 

.289297 

28J0 

18s 

300 

353* 

284 

.26562; 

.257627 

2615 

26s 

276 

3147 

3 

259 

-*S 

.219413 

2437 

^45 

252 

2804 

4 

238 

■1343 75 

.204307 

2253 

215 

232 

2500 

i 

.21875 

.181940 

2070 

20s 

2225 

203 

.ao3i2s 

.161023 

1920 

190 

19* 

1981 

7 

■So 

.1B75 

.144285 

1770 

175 

176 

1764 

8 

16s 

■"71875 

.128490 

1620 

160 

160 

1570 

9 

1+8 

.15625 

.114423 

1483 

'45. 

'44 

IJ98 

lO 

134 

.1406*5 

.101897 

1350 

130 

128 

1250 

.125 

.090742 

120S 

1 175 

116 

1113 

109 

■I0937S 

.080808 

loss 

105 

104 

099' 

IJ 

^S 

■0957S 

.071962 

0915 

.0925 

092 

0882 

14 

083 

.078125 

.064084 

oSoo 

0806 

oSo 

0785 

071 

.0703125 

.057068 

07SO 

070 

0699 

065 

.0625 

.050821 

^iS 

061 

^ 

06^ 

17 

0S8 

.05625 

■04SIS7 

*S40 

0525 

0556 

i3 

049 

■OS 

^75 

■04s 

048 

Q495 

'9 

0+2 

■<HJ7S 

.035890 

0410 

J340 

040 

0440 

03s 

■0375 

.031961 

0348 

03s 

036 

039* 

032 

-03437S 

.028462 

0317s 

as  I 

032 

0349 

028 

.03125 

.025346 

0186 

028 

028 

0311S 

23 

OJS 

J328115 

.022572 

.0258 

ms 

024 

02782 

Z4 

.025 

0130 

0125 

02476 

S 

.021875 

.017900 

0104 

02204 

018 

■01875 

.015941 

oiSi 

ai8 

018 

01961 

i7 

016 

.oi7i§7S 

.014195 

0173 

017 

0164 

0174s 

18 

014 

.015625 

.012641 

0162 

016 

0148 

015625 

29 

013 

.0140625 

.01US7 

0150 

oiS 

0136 

0139 

30 

.0125 

.010025 

0140 

014 

l"t 

0123 

3' 

■0109375 

.008928 

0132 

013 

ono 

31 

009 

j3iois6is 

0128 

0108 

0098 

33 

008 

■0093  75 

01  ig 

oii 

0087 

34 

007 

■0085937s 

0104 

0077 

3| 

005 

.0078115 

:cr,56,s 

0095 

0095 

'^i 

0069 

36 

004 

.00703115 

.00; 000 

0090 

009 

0061 

37 

.006640625 

.004453 

0085 

0085 

0068 

00S4 

38 

.00615 

■003965 

0080 

008 

0060 

0048 

0075 
007 

■003144 

^0 

UnlM.  othe 

rwU«. 

>ecified,  aU  orde 

ni  in  gagea  will  b 

<««u«d 

to  Bimua 

gham  Wire 

Gage. 

,0,  Google 


TABLE  129. 

Standard  Gages  and  Weights  of  Sheet  Stbel. 

Carnegie  Steel  Co. 


UNITED  STATES  STANDARD  GAGE 

Sarai  AND  Pijii*  StMl. 

thlcknn) 

Thickna.      jWright  per 

TUckiKH 

TUckneM 

W«ehi[« 

»sx,. 

In 

FracClont 

DfCimsb 

pr.!?. 

nSSk,. 

™a». 

Declmalj 

if 

of  an  loth. 

P|UJ^., 

of  u  Inch. 

of  an  Inch. 

ooooooo 

1 

_5 

30.4 

,j 

ih 

.os6is 

i-ios 

8 

.46873 

lO.US 

X 

j>S 

17.8s 

<f> 

A 

I -S3            1 

oooo 

1 

406« 

it'n 

ii 

1 

.018.  J  J 

1 

iH"' 

^ 

1 

.011871 

*HS 

3 

-15 

.7*S 

9-S6lS 

17 

iSlrlsjj 

18 

JUSOas 

A375' 

I 

A 

5 

b'I' 

» 

t 

«I406JS 

I 

u 

iull?! 

liu 

1 

J)I00J7S 
JIIIII5615 

!*;6i3     ■ 

-414JT3 

A 

.IS6J5 

6.ijs 

.381s        ' 

M 

f 

34 

f. 

33,,  ■ 

.3S06l,'i 

A 

4J6M 

as 

^° 

.007811s 

.aiCTS 

i 

36 

lAi 

.00703  lis 

.3S6iis 

u 

'0781 js 

318TS 

37 

M« 

.00664061s 

.17093:5 

15 

'!• 

ilsesji 

38 

Tb 

16 

A 

.061s 

a.5S 

BIRMINGHAM  WIRE  GAGE. 

Equivalkjos  m  Ihcbbs. 

Gue 

Tbklmeu. 

Pounda 

Case                  ThkkDm. 

Pound! 

Number. 

Inch«. 

SquaraFoot. 

Number. 

Inche*. 

Sq 

JTf^. 

0000 
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TABLE  130. 

Clbakakcb  DniBtcsioNS  and  Wheel  Loads,  Electsic  Cranes. 

McClimtic-Makshau.  Construction  Co. 


t^ifj    ^-^ 


Thi)  table  t«  for  hoiri  of  about  31 


Dlmmloni  in  Feet  end  Inchea. 


I      M      I      N      I      O      I       P 
.    Ft..In.  ,  Ft.-ln. '  Ft.-In. 


ill 

i 


mi 


SSSoo 


..„=„,C 


""8 ' 


TABLE  131. 

Cleakance  Diueksions  and  Wheel  Loads,  Elbctbic  Cbahbs 

McClintic-Mabshall  Construction  Co. 
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TABLE  133. 

Crane  Gikdbb  Spbcifications. 

McClintic-Mabshaij.  Constructiom  Co, 


W.i.M  ^      Wright  Ol 

™*'.«'"  o*  ,  Rail  Splic« 
"A''?"  I  pwAlr 
Yard.       ^th  BolU. 
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9*-4 

Crane  Raib:  Crane  Ralli  ai 
chiefly  (or  1-Bcanu.  th«  flanKe  be 
flange.  CUpa  and  hook  bolu  oroi 
ihould  consut  of  a  ilat  bar  Jiui  p] 
the  crane  wheel*.     Provide  OUT  standard  CI 

Dtmensloiu:    In  preparing  dorign  Ind 


ii  plate  01 


le  gfrder  by  meaog  of  eU(M  or  hook  bolU,  the  latter  bring  uatd 
or  a  clip,  and  hai  the  advanUge  of  lavinE  punching  In  tlie  top 
a  slight  Inaccuracies  In  the  alignment  o[  the  lalla.  Rail  Splices 
Sih  plate  ai  angle  ipllces  are  apt  to  interfere  with  the  Hani ' 


It  before  ordering 
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TABLE  133. 

Typical  Hand  Ckanbs. 

McClintic- Marshall  Construction  Co. 
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TABI.E  134- 
DiAGRAu  FOR  Stress  in  Eye-bars  Dub  to  Weight. 


I 


"8 
i 


-«  I 

I  L3  Z  O  t-        3       O      /     O    7  lU  a  £\)  ^ 

Iftll. Depth  of  Bar  in  Inches 
lll.y/*ye  in  Tens  of  Thousandths 

Problmn. — Required  stress  due  to  weight  of  a  4  in.  x  I  in.  eye-bar,  20  ft.  long,  which  has  a 
direct  tension  of  56,000  lb. 

Then,  ft  —  4  in.;  i  =  20  ft.,  and  /i  =  i4,ot»  lb.  per  sq.  in.  The  stress  due  to  weight,  fi, 
is  found  from  the  diagram  as  follows:  On  the  bottom  of  the  diagram,  find  A  =  4  in. ;  follow  up  the 
vertical  line  to  its  intersection  with  inclined  line  marked,  Z.  —  20  ft.,  then  follow  the  horizontal 
line  passing  through  the  point  of  intersection  out  to  the  left  mar§ii 
thousandths;  then  follow  vertical  line,  ft  —  4  in.,  up  to  its  intersectio 

ft  —  14,000,  and  then  follow  the  horizontal  line  passing  through  the  point  of  ii 

margin  and   find,   y,  =  7.2   tens   of  thousandths.     Now  yi  +  yi  =  7-2  +  3.3  -  10.5.     Find   3 
+  y,  =  10.5  on  lower  edge  of  diaeram,  follow  vertical  line  to  its  intersection  with  line  marke< 


+  y,  =  10.5  on  lower  edge  of  diagram,  follow  vertical  line  ti 
"Line  of  Reciprocals"  and  find  on  right  mat^in, /i  —  950  lb.  sq.  in. 

For  a  bar  inclined  at  an  angle  8  with  a  vertical  line  multiply  the  fiber  stress  calculated  for  a 
horizontal  bar  as  above,  of  the  same  length,  and  multiply  the  fiber  stress  thus  obtained  by  sin  e. 
For  example  if  the  bar  above  is  inclined  at  an  angle  of  45  degrees  with  the  vertical;  the  fiber  stress 
due  to  weight  is,  /i  =  950  x  sin  S  =  950  x  0.707  —  672  lb. 

Every  intersection  of  the  inclined  /i  and  I  lines  has  for  its  abscissa  a  value  of  ft,  which  will 
have  a  maximum  fiber  stress,  /,.  for  the  given  values  of  ft  and  L.  For  example  for  L  =  30  ft.; 
/i  =  ia,ooolb.,wefindft  =  8.3in.,and/i  =  i,70olb.  A  deeper  or  shallower  bar  will  give  a  smaller 
value  of/i.  ,-.  I 
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TABLE  135. 
Diagram  for  Stresses  in  Square  Plates. 


5Jde  of  3quara  in  Fae't'. 

Sftfe  Loads  on  Square  Plates. — The  safe  loads  on  square  plates  for  a  fiber  stress  of  io/mo 
pounds  per  square  inch  may  be  obtained  from  the  diagram.  As  an  example,  required  the  aafe  load 
for  a  1-in.  plate  3  feet  equars.  Begin  at  3  on  the  bottom  of  the  diagram,  follow  upward  to  the 
line  marked  l-in.  plate,  from  the  intersection  follow  to  the  left  edge  and  find  aSo  lb.  per  sq.  ft- 
For  any  other  fiber  stress  multiply  the  safe  load  found  from  the  diagram  by  the  ratio  of  the  liber 
stresses.     To  use  the  diagram  for  a  rectangular  plate  take  a  square  plate  having  the  same  area. 

For  formulas  for  strength  of  plates,  sec  page  313,  Chapter  VIII. 
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TABLE  137. 
Details  op  a  Steel.  Staik. 
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TABLE  1S2 
Properties  op  Bethlesbu  Giedek  Beaii9 
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TABLE  153 
Pkopektibs  op  Bethlrhem  H  Columns 
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5p»chg  s»m9  b  Ivth  legs  ofsngin  aohtf  iOhtrmx  shtmi,.  ABhiks  jg  Dam-fir^'Dimt-Rrv^  orBs/ts- 

Hlnimum  Spuu  on  whidi  the  Abgve  CannectitHi  Anglei  U>f  be  Uieil  for  Groteu  Sefe  Unifotulx  DiniJbuKd  Loub. 

Le«Sp«„,»Fee.f«V^™Cood.,io^                                               | 

DcplbofBam, 

Wdghip- 

FIdd  CooKKtwn. 

Con- 

RIvs  SbAi. 

la  W™ 
of 

l>n- 

&^r1d^ 

Be.o.. 

ft" 

1" 

A" 

1" 

A" 

\" 

30 

M0.0 

I4-S 

H-l 

IS -7 

18.9 

331 

38.6 

46-J 

S7.8 

30.7 

30 

180.0 

I3.0 

iS-9 

29.6 

34-S 

41-4 

SI.8 

I7.S 

18 

180.0 

141 

1+.1 

iS-i 

i8.4 

J*.4 

37.8 

4S-4 

56.8 

30.1 

18 

1650 

ii.8 

11,8 

11.8 

15.6 

29.3 

34-1 

S'-J 

I7.I 

16 

160.0 

10. 1 

30. 1 

11.0 

13.7 

27.0 

31-5 

37.8 

47-3 

IS- 1 

i6 

150.0 

18,4 

18,4 

19.3 

11,7 

24-8 

18.9 

J4-7 

43-4 

13-0 

H 

140.0 

19.1 

19.1 

10,1 

21.6 

2S-9 

3a2 

36.1 

45-3 

14-0 

H 

IK>.0 

18.3 

16.S 

"7-3 

19-4 

II-2 

IS -9 

31.I 

38.9 

10.6 

30 

140.0 

19.7 

19.7 

20,6 

13.1 

11I 

30.9 

37-> 

46-4 

24-6 

ao 

IIJ.O 

16.8 

>S7 

16.4 

ie.s 

24.7 

19.6 

37-0 

19.6 

18 

91.0 

14.6 

11.9 

1 1.4 

14.0 

16.0 

1S.6 

12.3 

17-9 

.4.8 

IS 

140.0 

18.3 

18.3 

19.1 

11.6 

24-7 

18.8 

34S 

43-1 

II.9 

■S 

104.0 

14.0 

l-t-7 

16-S 

18.9 

16.4 

33-' 

•7S 

>s 

7J.O 

139 

10.2 

10.6 

'3-7 

16.0 

19. 1 

13-9 

I1.7 

II 

70.0 

1 1.6 

10.8 

II.4 

12.8 

14.6 

I7-0 

10.4 

iS-S 

'J-S 

II 

SSo 

ii.J 

8.7 

91 

10.2 

11.7 

13-7 

16.4 

10.S 

10-9 

10 

44-0 

9-J 

S-9 

6.1 

6.9 

7-9 

9-3 

HI 

13.9 

7-4 

9 

38.0 

nj 

7-6 

8.0 

9.0 

10.3 

12.0 

14-4 

1S.0 

9.S 

8 

31.S 

8.8 

S-8 

6.0 

6.8 

7-7 

9.0 

10.8 

13.6 

7.3 

.                                                                                        ....... 

spin  for  which  the  conDcction  may  be  used. 

c.s.,=j  I,  Google 


TABLE  158. 
Cast  Iron  Sbpakators  fob  Bbthlehbu  Gikdbk  Brahs  and  I-Beams. 


I  I 
II 

LI 

Separshrsfta-  JS%}0 'lifairmart  §  metal. 
S^aralanfm-  S"iolS"beains9r»  jmtial. 


1 

k 

I 

n 

1 

1 — 1 

I 

^ 

I 

§' 

1 

-£-- 

.-?-A 

»■?> 

Separators  forlf'ta'M'beamseref'TJeta!. 
Separators  fyr  8'h>  IS'  beams  are  j  "metal. 


i     I 


Lb.     Lb.     Lb. 


Lb.      Lb.      Lb. 


Separators  with  Three  Bolts. 


1  with  Tliree  Bolts. 


30  M».o    isi  115    10  |i7i|7J-o'4'SO   7-7  -375 

30  1S0.0    I3i   13  |io  |isi|64.s  4.50    7.0 ',37s 

Z8  180.0115     '411  7i|i6l|6s.o  4.is|7-4   -37S 

28  165.D  I  iji  lizi;  7J1S  Isg.i  4.15    6.8  1.375 

26  160.0  I  I4i  |i3i    7i  16  ,59.0  3.85    7.1  1.37s 

26  150.0  I  I2j  ii:J    7i  Ui  53-0  3-8S    6.6  ,.375 


ni.iojio  Uilso,!  4 
loS  loj  7i'  1*  143-9  4. 
i<H\  9i,  7i,  "i|39-3  3' 


rs  with  Two  Bolts. 


Separators  with  Two  Bolts. 


u 

140.0 

■n 

140.0 

ao 

18 

92.0 

140.0  1 

i^ 

104.0 

". 

7J.0 

SS-9 

I2i;isiis'>-Oi3-S0 
i2i  i4l!47.0|3.so 
10  i4i|39.o  2.80 
10  14  |3g.o  2.S0 
10  li3ij34.o  2.60 
7f  14    12,0'l.<0 

7i  13I, 


7l  12I  i 


1.60 

ii7-5ii.30 


36.01    6i 


9l!>2i  iilk'Is-fiS 
9i,iJ!  II  35-1  13-65 
9  |io    loi  28.213.00 


7i" 


9l  2 


7l  7l  9i!i3-> 

7  :  7i'  9    I12-3 

7  7i;  8i  13-3 

6i  5  8      9-1 

6il  S  I  7l  I  9-0 


■s  with  One  Bolt. 


44-0      9I     9l|- 
38.0      9    I  8||. 


_.,ro}'ii.o  i.io  1.8  .125 
...loi  10.0  1.00  1.7I-12S 
.J  9i;  8.0 1  .85    1.7  [.I2S 


a3-S     6i    6  7l    7.;  i.io 

io-o     St    si  --    7      6.4  r.oo 
Si     Si--    6i     S-S    -85 


Separators  for  18  to  30  inch  beams  are  i  inch  metal. 
Separators  for  8  to  15  inch  beams  are  i  ioch  metal- 
All  bolts  J  inch  diameter. 


D,=;,lz...,Ct)t)g[c 


TABLE  159. 
Safe  Loads,  in  Tons,  and  Deflections,  in  Inches,  Bethleheu  I-Beams. 


Depth.  |Weighl. 

LcnctbofSpan 

In  Feet. 

In. 

Lb. 

B 

lojll 

14 

16 

18 

aa  ,   la 

M 

it  1 

a» 

30   j   3.    1   « 

J6 

3i 

40    14. 

IIO 

103 
■44 

93 
■39 

.s 

62!    58 

.26,   .25 

SS 

.21 

s* 

49 

r 

■  K 

30 

• 

~ 



.30' 

.28 

D.f. 



.fX 

.71     So 

.^s;  .9- 









8S 

76 

70 

64 

5"!  48 

40 

381  36 

■41 

.14 1  .23 

.20 

■19 

D.f. 









■24 

■2Q\   -34 

.40 

.46 

.61 

.7^1  .77 

JfT 

90 

S6 
.31 

& 

44 

4" 

I'. 

36  1    34 
.20!  .19 

jii  29 
.17 1  .16 

16 

... 

_ 





■38 

.14 

.^8 

.IS 

D.f. 

. 

...„ 



.21 

."i 

■  U 

■  ?r 

■4,1 

■50 

..;?  i  -65 

■7,^-S, 

.Q2 

1.02^1.12 

H 

_ 

76 

59 

S3 

48 

38 

35  1    33 

11 

19 

28 

26, 

24 

77 

41 

11 

\i 

■4^ 

■34 

■3S 

.28 

■2t» 

.14 

.6^ 

.20 

.iq 

.17 

-17 

D.f. 

— 

.10 

■'■* 

■!I 

.40 

■5* 

.71 

.80 

.801.00 

%i 

M 

46     4^ 

18 

32      30 

18      26 

22 

21 1 

n 

1  65 

V> 

43 

39 

3(. 

33 

30.    28 

2fi 

24 

23 

69 

S6 

3B 

19 

18 

(H 

..-..-  54 

16; 

59 

-1-.-.  l^ 

>,S 

19 

I": 

11 

JM 

16    24 1  22 

iH 

17 

.24 

.121  .20   .19;  .17;  .16 

■14 

D.U 

r^l./6 

■^7 

.1. 

.40 

■4h  -56: 

■65,  .7*1  .g-: 

.g6  1.0J  .I.J9 

I.JZ 

S9 

--I44137 

31 

iq 

26 

>4 

20 

19 

17 

16 

I'i 

,^ 

14 

13 

.„. — I  41 1  36 

31 

19 

16 

4M.( 

■■-  39    34 

30 

H 

17 

I! 

14 

1.-^- ■391.34 

.24 

.17 

.14 

D^i. 

1 :ii\.i8 

.n 

..?o 

■t; 

^S 

24 

.62 

■7^ 

.*! 

.Q4  \i.o6 

I./O 

J-.J.f  1-47 

71 

47 

40 

3? 

31 

2B 

22 

20 

18 

17 

.6 

14 

41 

31 

14 

'S 

*9 

17 

IS 
*1 

19 
18 

14 
14 

»3 

9 
9 

9, 

8  

IS 

20 

,6 

IS 

12 

,, 

10 

10 

17 

lb 

9 

K 

■31 

2« 

■IS 

.12 

orf. 



./6 

^^ 

,j5 

.?fl 

■44  1  -5.? 

.64 

JI7 

i.n 

,.281.43  1.60  1,76  

J6 

2+ 

17 

IS 

\\ 

" 

? 

9 

7 

S 

7 

7 j 

,«- 

16 

fi 

6 

6        : 

I 

.11 

.16 

!2 

.20 

.17    .16 

.12I  .11 

..0  .09i::::;:i:...:::: 

1 

«'/- 

./4   .20 

i7_ 

■.fj 

.671  .?g 

■93  f-o8 

1 

...^.. 

14 

'1  ' 

fi 

8 

*         ■ 

1 

■    .... 

.15 '.13 

.III  .lof  .09 

-09  1 

Brf. 

.... 

./. 

■^* 

■IJ 

■*-' 

.S4    .66 

.So 

.QS'.J.Si  1.30.1.49' 

...._ 

*4 

14 

■' 

H 

7 

6 

4 

4 

4|-.- 

_ 







7 
17 

4 

■<y> 

4 

• 

IQ 

..4 

■IS 

.13 

.11 

,, 

.o^l._ 

D>\. 

rp 

,fl 

■  it>\A7 

.rto 

.80 

tt>6 

i.66\ 

1 

19-5 
17-S 

.0 

8 

7 

6   S-o 

45 

4.* 

r? 

3-7 
3.5 

3-4 

. 1..     „ 

::;:::::i:..:::: 

26 

.17 

.isi-n 

.09 

1 

.. 

:-: 

Del 

n 

.21 

.30..*,    ,5J 

.d7 

.«,   ,.«o 

'■19- ■    .' 1 ' 1 ' '-■     , 

The  figures  give  the  safe  uniform  b»d 
16000  lb.  per  sq.  in.,  or  end  reactions  for  la 

in  tons  of  1000  lb.,  based  on  an  extreme  fiber  stress  of 

Figures  for  djflection  in   inches. 

fifths  of  deflections. 

For  figures  to  nght  of  heavy  lines,  defle 

ctions  are  excessive  for  plasters]  ceilings. 

Figures  E'ven  apply  onlv  when  beams  i 

re  secured  against  lateral  deformation. 

Increase  of  safe  load  in  tons  for  each 

round  increase  in  weight  of  1-Bcam. 

TABLE  160. 
Safe  Loads,  in  Tons,  and  Deflections  in  Inches,  Bbthlbhsu  Gikdsr  Beams. 


D*ptl..  IWeighl 

Lcnsth  of  Sian  In  VoA. 

In. 

Lb. 

.=  |,. 

■  4 

1« 

ig 

JO 

J2 

^ 

16 

>g 

30 

a 

34 

36 

38 

40 

V 

44 

180 

iSi 

I62 

s 

148 
IJl 

IJ6 

■33 

US 

.30 

116 
104 
.18 

108 

91 

96 

90 
81 

S6 

77 

81 

73 

? 

.18 

.... 

.... 



Uit. 

..._. 

.IS 

-.'7 

■i2 

■.J7 

4.9 

.?o 

-.r? 

.64 

.77 

M\  M 

■97 

1.06 

iSo 
16s 

1S4 
139 
.41 

138 

■17 

126 
114 

■n 

"S 

104 
.11 

106 
96 

.28 

■14 

78 

81 

74 

z 

8 

.19 

62 
.IB 

66 
60 

■17 

63 

S7 

:..... 

.so 



j^ 

■20 

^6 

.67 

■7S 

M^ 

7  7< 



iz3 
117 

;i^ 

■s 

t. 

.26 

82 

76 
.14 

77 
70 

.11 

71 

66 

68 
62 

64 

59 
■■9 

61 

S8 
SJ 
■•7 

55 
.16 

5i 

."5 

26 

.28 

1 



.21 

■2i 

-.1/ 

■37  \  -4.9  1  -so 

■57 

.Of 

■74 

.^1 

-0-' 

7.72 

7.2J 

140 

.....1,56 

133 

•4'; 

117 

■39 

104 

93 
So 
-31 

8s 
73 
.2q 

1 

711   67 
62     57 

.24  1    .22 

62 
S3 

58 
50 

55 
47 
.18 

Si 
45 
■17 

49 

42 
.17 

.16 

....... 

D.I. 

.14 

f 

■?? 

.40 

■47  i  -54 

■7J 

J^o 

.Ha 

7.00 

140 

.....I130 

89 

-17 

98 
78 
.33 

.26 

71 

57 
.14 

65 

51 

601    s5 
48    Is 

Si 
4* 

■17 

49 
39 
.16 

46 
37 

43 
35 

4' 

33 

39 
3> 



20 



•44 





D.t. 

.12 

.16 

.21 

..?.T 

.40 

.** 

-!6    .6 J 

■7^ 

■s, 

.06 

7.0? 

7.7P  \l.32 

9. 

-' 

79 

67 

59 

.24 

■JO 

47 
.24 

♦3 

39 

.;s 

34 
■17 

.^^ 

29 

.1'! 

28 
.14 

26 
.11 

^5 

*4 

18 

-.17 

"« 

■J? 

.62 

-72 

.*! 

■0^ 

7.06 

7.7(1 

'T? 

'■-*7| 

140 

104 

? 

1 

94 

71 

■3i 

81 
61 

71 

54 
39 

.25 

'i 

35 

.22 

57 
43 
31 

44 
33 

^4 

40 
31 

.14 

3B 
29 

■  n 

35 
27 

18 

{fi 

U      26 
,18  1  .16 







u,i. 

•" 

.70 

J2 

.,6 

■44 

.S^ 

■7.r 

.87 

■w 

7.7) 

7.J^  ■ 1 





70 

I' 

D,f. 

1 

40 

is 

I 

30 
.to 

17 

H 
19 
.16 

'7 
■14 

16 

IS 
IS 

17 
14 

13 

15 

'4 

.09 

1 

11 

■'4 

.to 

■  ft 

.67 

■79 

/.o# 

1.24 

■ 

10 

^ 

26    « 
.j6i  .ti 

% 

16 
.16 

13 

II 

.;:  .lo^  .^ 

9 

8 
.OS 

8 

.08 

. 

■■-- 

...... 

u,i. 

■f? 

.24 

.?^ 

13 

■I'; 

-M 

.66 

.So 

/.?0 

/-*> 

7.60 

7,07 

.1 

D,f. 

20 

.n 

9 

3|      8 
.10 1  .09 

J 

7 
.07 

9 

.2,   .2i!.,7 

= 

./^,  .27 

^, 

■47 

.60 

■74 

.Sq 

r.o6\T.24 

/.« 

1.66 

1 

-.     -- 

!"i 

■n 

.,'. 

.,: 

7 
.09 

6 

.oH 

8 

^1^ 

1 

D,l. 

.It 

.«7 

..«? 

...      1  ... 

The  figures  ^ve  the  safe  uniform  load  in  tons,  of  looo  lb.,  b»aed  on  eitrame  fiber  stresi  of 
16000  tb.  per  eq.  in.,  or  end  reactions  for  safe  uniform  load  In  thousands  of  pounds. 

Figures  for  de flection s  are  given  in  inches. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  allowable  load  and  four- 
fifths  values  given  for  deflection. 

For  figures  at  right  of  heavy  zigzag  lines  deflections  are  considered  eicesiive  for  plaiteied 
ceilings. 

Figures  given  apply  only  when  beams  are  secured  against  lateral  deformation. 

•  Increase  of  safe  load  in  tons  for  each  pound  increase  in  weight  of  Girder  Beams. 

c.s.,=j  I,  Google 


TABLE  161 
Deciuai.  Pasts  op  a  Foot  Ain>  Inch 


Dbcdiai.  Pasts  or  a  Foot 

°J?l^.Sr 

Ins. 

o"     /"     y 

3"       4"       S" 

&'       7"      S" 

p"      10"     II" 

.0      .0833  .1667 

.2500  .3333  4167 

.5600  .5833  .6667 

7500  .8333  .9167 

A 

,0016  .0859  .1693 

■*526  .3359  4193 

.5026  .5859  .6693 

75^ 

8359 

9193 

A 

-0313 

A 

.0052  .0885  .1719 

.2552  .3385  4219 

.5052  .5885  .6719 

7SS* 

8385 

9219 

A 

.0625 

A 

.0078  .0911  .1745 

.257B  .3411  414s 

.5078  .5911  .6745 

7578 

841 1 

9245 

A 

.0938 

i 

.0104  .0938  .1771 

.2604  .343B  .4271 

.5104  .5938  .6771 

7604 

8438 

9271 

) 

.125 

A 

.0130  .0964  .1797 

.2630  .3464  .4297 

.5130  .5964  .6797 

7630 

8464 

9»97 

A 

-1563 

A 

.0156  .0990  .1823 

.2656  .3490  .4323 

.5156  .5990  .6823 

7656 

8490 

M»3 

A 

.1875 

A 

.0182  .1016  .1849 

.2682  .3516  4349 

.5182  .6016  .6849 

7682 

8516 

9349 

A 

.2188 

i 

.0108  .1041  .187s 

.2708  .3542  .4375 

.5208  .6042  .6875 

7708 

8542 

9J7S 

1 

-as 

A 

.0134  .1068  .1901 

.2734  .3568  .4401 

.52,4  .606S  .6901 

7734 

8568 

9401 

A 

.2813 

A 

.0260  .1094  .19*7 

.2760  .JS94  .4427 

.5260  .6094  .6927 

7760 

8594 

94*7 

A 

-3  "5 

a 

.m86  .1110  .1953 

.2786  .3620  .4453 

.5286  .6120  .6953 

7786 

8620 

9453 

H 

.3438 

i 

.0313  .1146  .1979 

.2S13  .3646  .4479 

.5313  .6146  .6979 

78.3 

8646 

9479 

i 

.375 

H 

.0339  .1171  .MOS 

.2839  .367»  .4505 

.5339  -617^  .7005 

7839 

8672 

950s 

H 

4063 

A 

.036s  .1198  -1031 

.2865  .3698  .4531 

.5365  .6198  .7031 

7865 

8698 

9531 

A 

■4375 

» 

.0391  -iJH  -m? 

.2891  .3724  .4557 

.5391  .6224  .7057 

7891 

8724 

9SS7 

H 

4688 

* 

,0417  .iiso  -1083 

.i9'7  .3750  -4583 

.5417  .6250  .7083 

7917 

8750 

9S83 

i 

-5 

a 

.0443  .1276  .2109 

.2943  .3776  .4609 

.5443  -6176  -7109 

7943 

8776 

9609 

a 

-5313 

A 

/H69  -130*  -2135 

.2969  .3802  .4635 

.5469  .6302  .7135 

7969 

8802 

^3S 

A 

.5625 

tt 

.0495  .1328  .2161 

.2995  -3828  .4661 

.549s  -6318  .7:61 

7995 

8S28 

9661 

tt 

.5938 

t 

.0511  .1354  -lias 

.3021  .3854  .4688 

.5521  .6354  .7188 

S021 

8854 

9688 

1 

.625 

a 

.OS47  ■•380  .2114 

.3047  .3880  4714 

.5547  -6380  .7214 

8047 

8880 

.9714 

a 

.6563 

H 

.0573  .1406  .2240 

.3073  .3906  .4740 
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2.4101 

63 

150047 

7-9373 

3-9791 

IS 

lis 

SI 

3-8730 

2.4662 

64 

262144 

8.0000 

4.0000 

16 

.56 

4.0000 

2.3199 

il: 

4125 
4356 

174615 

8.0623 

4-0107 

17 

189 

4913 

+-1231 

2.5713 

66 

287496 

8.1240 

4-0411 
4-0615 

iS 

324 

4.1426 

2.6207 

67 

8.1854 

19 

361 

6859 

4-3589 

2.6684 

68 

314431 

8.2462 

4.0817 

400 

Sooo 

4-4721 

2.71+4 

69 

4761 

318509 

8.3066 

4.1016 

II 

441 

9261 

4.5826 

2.7589 

70 

4900 

3+3000 

8.3666 

4-11' 3 

484 

:S 

4.6904 

2.8020 

71 

S041 

357911 

8.4261 

4.1408 

23 

+7958 

1.8439 

72 

S184 

373148 

8.4853 

4.1601 

24 

13824 

+-8990 

1.8B4S 

73 

5329 

389017 

8.5440 

+■1793 

S 

61S 

15625 

5.0000 

2.9240 

74 

5+76 

405224 

S.6023 

4-1983 

I7S70 

S-0990 

1.962s 

75 

i;?i 

421875 

8,6603 

4.2172 

17 

7*9 

19683 

5-1962 

3.0000 

76 

+38976 

8,7178 

4-2358 

28 

784 

2i9S» 

5.291s 

3-0366 

77 

5929 

+56533 

87750 

4-1543 

29 

841 

14389 

5-3851 

3-0713 

78 

6084 

+74551 

8.8318 

4.2727 

30 

900 

27000 

5-4772 

3.1071 

79 

6241 

493039 

S.8882 

4.1908 

3' 

961 

29791 

5-5678 

3'4i+ 

80 

6400 

512000 

8,9+43 

4-3089 

3* 

1014 

32768 

3.1748 

81 

6561 

531441 

4.3267 

33 

1089 

35937 

3-1075 

81 

671+ 

551368 

9-OSS+ 

+-3+4S 

34 

\lf 

39304 

S.8310 

3.2396 

83 

68S9 

571787 

9,1104 

4-3611 

3S 

® 

5.9161 

3.2711 

84 

7056 

592704 

9.1652 

4-3795 

36 

3.3019 

85 

7396 

614125 

9,2195 

4.3968 

37 

50653 

6!o82B 

3.3321 

86 

636056 

9,2736 

4-4140 

38 

1+44 

54872 

6.1644 

3.3620 

87 

7569 

658503 

9-3174 

4^3 10 

39 

IS2I 

59319 

6.2450 

3-3912 

88 

7744 

681471 

9.3808 

4-4480 
4-4647 

40 

1600 

64000 

6.3246 

3 -4200 

89 

7921 

704969 

9.4340 

4' 

1681 

68921 

6.4031 

3.4482 

90 

8100 

729000 

9,4868 

4-4814 

41 

74088 

6.4807 

3-4760 

91 

8281 

ai 

9-539+ 

4-4979 

43 

79507 

6.SS74 

3-5034 

92 

s 

9.5917 

4-5144 

44 

85184 

6.6331 

3-5303 

93 

804357 

9-6437 

4-5307 

45 

2MS 

91125 

97336 

67081 

3-5569 

9+ 

8836 

830584 

9.6954 

4.5468 

46 

21 16 

6.7823 

3-5830 

•95 

9025 

9216 

8S7375 

9.7+68 

4-5629 

47 

nog 

103823 

6.8557 

3.608S 

96 

884736 

9.7980 

4-5789 

48 

2304 

iioS9» 

6.9282 

3.6342 

97 

^ 

911673 

9.8489 

+■59+7 

49 

2401 

117649 

7.0000 

3-6593 

98 

9+1191 

9-8995 

4-6104 

99 

980I 

970299 

9-9499 

4.6261 

c.s.,=j  I,  Google 


TABLE  i6S.— Continued. 


Squares,  Ccbks,  Square  Roots  and  Cube  Roots  of  Numbers  from  ioo  t 

0  199- 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

lOO 

lOOOO 

lOOOOOO 

10.0000 

4.64.6 

ISO 

22500 

3375000 

12.2474 

5.3133 

1030 JO I 

10.0499 

4-6570 

151 

22801 

3442951 

11.1881 

S-J2SI 

10404 

I06I208 

10.0995 

4.6723 

152 

13104 

351.808 

I2.J288 

s-3368 

lOJ 

10609 

1092727 

.0.1489 

4-6875 

153 

13409 

3581577 

11.3693 

5-3485 

lot 

I08I6 

1.24864 

10.1980 

4.7017 

'54 

13716 

J652264 

11.4097 

5.360. 

loS 

1157625 

10.2470 

4-7177 

'.li 

24025 

3723875 

12.4499 

s-3717 

106 

1.236 

II9IOI6 

.0.2956 

4.7326 

3796416 

12.4900 

5.3831 

107 

llm 

1225043 

10.3441 

4-7475 

157 

14649 

3869893 

5-3947 

108 

1259712 

10.3923 

4.7621 

158 

394431* 

5.406. 

109 

1 1881 

1295029 

IO.44OJ 

4-7769 

159 

isist 

4019679 

12.609s 

5.417s 

110 

I2I0O 

13JI0OO 

10.488. 

47914 

160 

25600 

4096000 

12.6491 

S-4188 

11321 

1367631 

10-S3S7 

4-8059 

161 

25921 

4173281 

12.6886 

5.4401 

12544 

1404928 

10.5830 

162 

26244 

4251528 

11.7179 

5.4514 

iij 

12769 

1441897 

163 

26569 

4330747 

.2.7671 

5.4626 

114 

11996 

1481544 

10.6771 

164 

26896 

4410944 

.1.8061 

S-4737 

I'S 

>3"S 

1510875 

10.7238 

4.8629 

165 

27225 
27556 

4492115 

11.8452 

5.4848 

116 

13456 

.560896 

10.7703 

4-8770 

166 

4574296 

.1.884. 

S-4959 

"7 

13689 

1601613 

.0.8167 

4-89.0 

167 

27889 

4657463 

11.9128 

5.5069 

118 

13924 

164J032 

10.8628 

4.9049 

168 

28224 

4741631 

12.96.5 

5-5 '78 

119 

14161 

1685159 

10.9087 

4.9187 

.69 

28561 

4826809 

13J30OO 

5.5288 

IW 

\x 

1718000 

10-9545 

4.9324 

170 

28900 

4913000 

.3.0384 

5.5397 

1771561 

4.946. 

171 

29141 

500021. 

13.0767 

5.5505 

14884 

;a; 

II.04S4 

4-9597 

171 

29584 

5088448 

.3.1.49 

5.5613 

laj 

15129 

11.0905 

4-973^ 

173 

29929 

5.77717 

13.1529 

5.5711 

114 

15376 

1906614 

11-1355 

4.9866 

174 

30276 

5268024 

13,1909 

5.5818 

lis 

15625 

1953  "5 

11.1803 

17s 

30625 

S3S937S 

13.2288 

5-5934 

126 

1876 

2000376 

11.2250 

5.0133 

176 

30976 

5451776 

.3.2665 

5.604. 

117 

16.29 

2048383 

...2694 

5-026; 

177 

31329 

5545133 

.3.3041 

5.6147 

laS 

16184 

2097152 

11.3137 

5.0397 

178 

31684 

5639752 

'3-34"7 

5.6252 

129 

.664! 

2146689 

1.-3S78 

5-0528 

179 

32041 

S73S339 

13379" 

5-63S7 

130 

16900 

2197000 

11.40. 8 

5.0658 

180 

32400 

5832000 

.3.4.64 

5.6462 

131 

1 7 161 

2248091 

"•4455 

S.0788 

181 

31761 

iJ-4536 

S.6567 

i$i 

•X 

2299968 

11.4891 

5.0916 

182 

33124 

13-4907 

S-6671 

I3J 

2352637 

11.5326 

5-1045 

183 

33489 

.3-5277 

S.6774 

134 

17956 

2406104 

11-5758 

5.. 171 

184 

33856 

.3.5647 

5.6877 

\ll 

18225 

18496 

2460375 

I. .6190 

5-1299 

18s 

34225 

.3-60.5 

5-6980 

2515456 

1 1.66.9 

S.1426 

186 

34596 

.3.6382 

S.7083 

137 

18769 

2571353 

11.7047 

mi 

187 

34969 

iJ-6748 

5-7185 

138 

■9044 

2628071 

11.7473 

188 

35344 

13-711J 

S-7187 

139 

193*1 

2685619 

11.7898 

5.1801 

189 

35721 

.3.7477 

S-7388 

140 

19600 

2744000 

11. 83 22 

5.1925 

190 

J6.00 

6859000 

.3.7840 

5-7489 

2803221 

".8743 

5.1048 

191 

3648. 

6967871 

13.81OJ 

5-7590 

142 

20164 

2863288 

11.9164 

S-ii7t 

191 

36864 

70778B8 

13-8564 

S-7690 

M3 

20449 

2914207 

11.9583 

5-2293 

193 

37249 

7.89057 

13-8924 

S-7790 

144 

20736 

2985984 

5-1415 

194 

37636 

7301384 

13.9284 

\'i 

3048625 

12.04.6 

S-1536 

195 

38015 

7414875 

13.9642 

21316 

3112136 

5.2656 

196 

384.6 

7529536 

14.0000 

147 

21609 

3176523 

12.. 244 

5.2776 

197 

38809 

7645373 

14-0357 

S.8186 

148 

21904 

3241792 

11.. 65  5 

5.2896 

198 

39204 

7761391 

.4.07.2 

S-^^5 

•49 

JJ07949 

11.1066 

5-3015 

199 

39601 

7880599 

.4.1067 

5.8383 

c.s.,=j  I,  Google 


TABLE  165.— ConliHtud. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Nuhbeks  from  aoo  to  399. 


No. 

Sqiure. 

Cube. 

Sq.  Root. 

Cu.Root. 

No. 

SQnare. 

Cube. 

Sq-Hoot. 

Cn.  Root- 

ZOO 

40000 

8000000 

14.1421 

S.8480 

250 

62500 

15625000 

15.8114 

6.1996 

40401 

8120601 

141774 

5-8578 

251 

63001 

16003 ooS 

15.8430 

6.3080 

IM 

40804 

m 

14.2127 

5-867S 

252 

63504 

15-8745 
15.9060 

6.3,64 

203 

41209 

14.2478 

S-8771 

2SJ 

64009 

16194277 

6.3247 

204 

41616 

14.2829 

5.8868 

254 

64516 

16387064 

159374 

6-3330 

Si 

4««S 

8615125 

14.3178 

5-8964 

255 

65536 

16581375 

,5.9687 

6-3413 

42436 

87+1816 

14-3527 

5-9059 

156 

16777116 

16.0000 

6.3496 

107 

42849 

8869743 

143875 

5-9155 

257 

16974593 

16.03  12 

6-3579 

108 

43164 

89989'! 

14.4222 

5.9150 

258 

6656^ 

17173512 

16.0624 

6.3661 

109 

43681 

9129329 

14.4568 

5-9345 

259 

67081 

17373979 

16.0935 

6.3743 

no 

44100 

9261000 

144914 

5-9439 

260 

67600 

17576000 

16.124s 

6.3815 

44S2I 

939393 1 

14.5258 

5.9533 

261 

6812I 

17779581 

16.1555 

6.3907 

44944 
45309 

9528128 

14.5602 

5-9627 

262 

68644 

17984728 

16.1864 

6.3988 

113 

9663597 

14'S94S 

5-97" 

16] 

69169 

18191447 

16.2173 

6.4070 

214 

4S796 

9800344 

14.6287 

5-9814 

264 

69696 

18399744 

16.2481 

6.4151 

VA 

4622s 

9938375 

14.6629 

S-9907 

i6l 

70225 

186096JI 

16.2788 

6.4232 

46656 

10077696 

14.6969 

256 

70756 

18821096 

16.3095 

6.4311 

^l^ 

47089 

102 I 83 13 

6.0092 

267 

71289 

19034163 

16.3401 

6^393 

ziS 

47S*4 

10360232 

i*"^^ 

6.0185 

268 

71814 

19248832 
19465109 

16.3707 

6-4473 

119 

47961 

10503459 

6.0277 

269 

72361 

164012 

6-4553 

ilO 

48400 

10648000 

14.8324 

6.0368 

270 

72900 

196S3000 

16.4317 

6-4633 

4884. 

10793861 

14.8661 

6.0459 

271 

73441 

199015 1 1 

16.4621 

6.4713 

49184 

10941048 

14.8997 

6.0550 

272 

73984 

20.236+B 

16-4924 

6.4792 

213 

49719 

11089567 

14.9332 

6.0641 

173 

745^ 

20346417 

16.5227 

6.4872 

214 

S0176 

1 1239424 

14.9666 

6.0732 

274 

75076 

20570824 

16.5529 

6-495. 

iiS 

i?Si 

11390625 

15.0000 

6.0S21 

175 

7562s 

20796875 

16.583, 

2l6 

11543176 

1 5 '033  3 

6.0912 

276 

76176 

21024576 

16,6132 

kf\^ 

J17 

51529 

11697083 

15-0665 

6.1002 

277 

76729 

11253933 

,6.6433 

6.5,87 

ziS 

5 1984 

11852352 

■5-0997 

6.1091 

278 

77284 

16.6733 

6.5265 

!19 

S1441 

12008989 

15-1327 

6.1180 

279 

77841 

21717639 

16.7033 

6.5343 

230 

52900 

12167000 

15-1658 

6.1269 

2S0 

78400 

21951000 

16.7332 

6.5421 

23' 

53361 

12326391 

15-1987 

6.1358 

281 

78961 

32 1 88041 

16.7631 

6-5499 

ija 

53814 

12487168 

i5-23'5 

6.1446 

182 

795*4 

SSilg 

16.7919 

6-5577 

133 

54289 

120+9337 

15-2643 

6.1534 

283 

80089 

16.8226 

6-5654 

i34 

54756 

128 I 2904 

15-1971 

6.1622 

184 

80656 

12906304 

16.8523 

6-5731 

HI 

55125 

1297787s 

15-3297 

6.1710 

185 

81225 

23149115 

16.8819 

6.5808 

55696 

13144256 

15.3623 

6.1797 

286 

81796 

23393656 

16.9115 

6.588; 

137 

56169 

13311053 

15-3948 

6.1885 

287 

82369 

16.9411 

6.5962 

2J8 

56644 

13481272 

15.4272 

6.1971 

28S 

82944 

16.9706 

6.6039 

1J9 

57111 

13651919 

lS-4596 

6.2058 

289 

83S2. 

24137569 

17.0000 

6.6115 

240 

57600 

13824000 

15-4919 

6.214s 

290 

84100 

24389000 

17.0294 

6.6191 

241 

58081 

13997521 

15-5242 
15-5563 

6.2231 

291 

B4681 

24642I7I 

17.0587 

6.6267 

141 

58564 

14172488 

6.2317 

291 

85264 

14897088 

17.0880 

6.6343 

^3 

59049 

14348907 

15.5885 

6.2403 

293 

85849 

25153757 

17.1172 

6.6+19 

M4 

59536 

14526784 

15.6205 

6.2488 

194 

B6436 

2541 2 I 84 

17.1464 

6.6494 

145 

14706125 

15-6515 

6.2573 

295 

8701s 

25672375 

17.1756 

6.6569 

246 

60516 

14886936 

15-6844 

6.2658 

296 

87616 

15934336 

17.2047 

6.6644 

247 

61009 

15069223 

15.7162 

6-1743 

197 

88209 

16.98073 

17-1337 

6.6719 

248 

61504 

15252992 

15.7480 

6.2818 

298 

8B804 

26463592 

17.1627 

6-6794 

249 

62001 

' 5438249 

15-7797 

6.1912 

299 

89401 

26730899 

17.2916 

6.6869 

c.s.,=j  I,  Google 


TABLE  165.— Con/muei. 
Squabss,  Cubes,  Squasb  Roots  and  Cube  Roots  (^  Numbers  fkou  300  1 


No. 

Square. 

CDb«. 

Sq.  Root. 

Cu.Boot. 

No. 

Sqnate. 

Cube. 

Sq.Root. 

Cu.Root. 

300 

90000 

17000000 

17.3305 

6.6943 

350 

122500 

41875000 

18.7083 

7.0473 

301 

27270901 

17-3494 

6.7018 

351 

113101 

43*43551- 

18.7350 

7.0540 

302 

9120+ 

17543608 

17.3781 

6.709a 

35* 

123904 

436.4108 

.8.7617 

7.0607 

JQJ 

91809 

27818127 

17.4069 

6.7166 

3S3 

124609 

439B6977 

18.7883 

7.0674 

30+ 

92416 

17.4356 

6.7240 

354 

125316 

4*361864 

18.8149 

7.0740 

305 

93636 

17.4642 

6-7313 

3SS 

126025 

4473887s 

18.8414 

7JS807 

J06 

17.49*9 

6.7387 

356 

126736 

45118016 

1S.S6B0 

7.0873 

JO7 

94^49 

28934443 

17.5214 

6.7460 

357 

127449 

45499*93 

18.8944 

7.0940 

308 

9486+ 

292181II 

17-5499 

6-7533 

358 

12S164 

45882711 

.8.9109 

7.1006 

309 

9S48I 

19503619 

17-5784 

6.7606 

359 

128S81 

46268179 

18.9473 

7.1072 

310 

96100 

19791000 

17.6068 

6.7679 

360 

.19600 

46656000 

18.9737 

7.1.38 

311 

96721 

30080231 

17.6352 

6.775* 

361 

I 30321 

47045881 

7.1104 

312 

97344 

30371328 

17.6635 

6.7824 

362 

47437928 

19.0263 

7.1169 

313 

97969 

30664197 

17.6918 

6.7897 

363 

47832147 

19.0526 

7-1335 

314 

98596 

30959144 

17.7200 

6.7969 

364 

48228544 

19.0788 

7.1400 

lit 

9911s 

3^55875 

17.7482 

6.8041 

365 

133225 

48627125 

19,1050 

7.1466 

99856 

31554496 

17.7764 

6.8113 

366 

133956 

49017896 

19.1311 

71531 

317 

100489 

318SSOI3 

17.8045 

6.8185 

367 

134689 

49430863 

19.1572 

7.1596 

318 

101124 

32157432 

17.8326 

6.8256 

368 

'354*4 

49836032 

191833 

7.1661 

319 

10176. 

3*461759 

17-8606 

6.83J8 

369 

I 36161 

50*43409 

19.1094 

7.17*6 

330 

ioi4cx> 

32768000 

17.8885 

6.8399 

370 

136900 

S0653000 

19*354 

7.1791 

3ZI 

103041 

33076161 

17.916s 

6.S470 

371 

137641 

S1064811 

19.2614 

7.1855 

3" 

103684 

33386148 

17-9444 

6.3541 

37* 

138384 

51478848 

19.1873 

7.1910 

313 

104329 

33698167 

17.9722 

6.8611 

373 

139129 

518951 "7 

19.3131 

7-1984 

314 

104976 

34012224 

18.0000 

6.8683 

374 

139876 

52313624 

19.3391 

7.2048 

m 

105615 

3432812s 

18.0178 

6.87s  3 

375 

14062s 

5*734375 

19-3649 

7.2112 

106176 

18-0555 

6.8824 

376 

141376 

53157376 

19.3907 

7.2177 

317 

106929 

34965783 

18.0831 

6.8894 

377 

141129 

5358*633 

19.4165 

7.2240 

328 

107584 

3528755* 

ig.iio8 

6-8964 

378 

141884 

54010152 

19-4421 

7.1304 

3*9 

10S241 

35611289 

18.1384 

6.9034 

379 

143041 

54439939 

19-4679 

7.2368 

330 

108900 

3 593 7000 

18.1659 

6.9104 

380 

144400 

54871000 

19-4936 

7.1431 

33" 

109561 

36264691 

13.1934 

6,9174 

381 

145161 

55306341 

19-5191 

7.*49S 

33* 

36594368 
36916037 

18.2209 

6,9244 

38* 

1+5924 

5574*968 

19-5448 

7.1558 

333 

1108S9 

18,1483 

6.9313 

383 

1+6689 

56181887 

19-5704 

7.26*2 

334 

111SS6 

37259704 

18.1757 

6.9381 

384 

147456 

56613104 

19-5959 

7.1685 

33S 

111125 

37S95375 

■  8.3030 

6,9451 

385 

.48225 

57066615 

19.6214 

7.2748 

336 

112896 

37933056 

18.3303 

69511 

386 

148996 

5751*456 
57960603 

19-6469 

7.2811 

337 

113569 

38172753 

18.3576 

6.9589 

387 

149769 

19.6713 

7.2874 

338 

114244 

38614471 

18.3848 

6.9658 

388 

150544 

5841.071 

19.6977 

7.2936 

339 

11491 I 

38958119 

18.4110 

6-9717 

389 

151321 

58863869 

19-7*3' 

7*999 

340 

115600 

39304000 

18.4391 

6-9705 

390 

151100 

59319000 

19.7484 

7.3061 

341 

116281 

3965 1B21 

18.1661 

6.9864 

391 

.52881 

19.7737 

7- J  1*4 

34* 

116964 

40001688 

18.493* 

6.9931 

39* 

.53664 

19-7990 

7-3186 

343 

117649 

40353607 

18.5103 

7.0000 

393 

'54449 

60698457 

19.8141 

7-3*48 

344 

118336 

40707584 

18.5472 

7.0068 

394 

155*36 

61.619S4 

19,8494 
19.8746 

7-3310 

34S 

11902s 

4106362; 

18.574* 

7.0136 

395 

.56025 

61629875 

7-337* 

346 

119716 

41421736 

l8.6aii 

7-0203 

396 

156816 

61099136 

19.8997 

7-3434 

347 

110409 

41781913 

18.6279 

7.0271 

397 

157609 

62570773 

19,9249 

7-3496 

348 

IZI104 

4114419* 

18.6548 

7-0338 

398 

158404 

63044792 

19-9499 

7.3558 

349 

12I80I 

41508549 

18.6815 

7-0406 

399 

159201 

63511199 

19.9750 

7.3619 

D,t.„.n,  Google 


TABLE  165.— Coniinaed. 
Squares,  Cubes,  Squake  Roots  and  Cubs  Roots  of  Nuubers  from  400  to  499. 


Na 

Square. 

Cube. 

ISq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root 

400 

160OOO 

64000000 

20.0000 

7.3681 

450 

102500 

91115000 

21.1132 



7.66;. 

401 

160801 

6448 I 101 

10.0250 

7-3  74a 

45' 

203401 

91733851 

21.2368 

7.668S 

+01 

161604 

64964808 

10.0499 

7.3803 

452 

204304 

913+5+08 

21.2603 

7-674+ 

403 

162409 

65450827 

20.0749 

7.3864 

453 

205109 

91959677 

21.2838 

7.6801 

404 

65939264 

20,0998 

7-3925 

454 

206116 

93576664 

2. .3073 

7.6857 

40s 

16402s 

66430125 

10.1246 

7.3986 

45S 

207015 

9+196375 

21.3307 

7.6914 

406 

164836 

66923416 

20.1494 

7-4047 

456 

207936 

94S1S816 

2I.3S41 

7.6970 

407 

165649 

67419143 

20..  742 

7.4108 

457 

208849 

9S443993 

21.3776 

7.70:6 

408 

166464 

67917312 

20,1990 

7.4169 

4S8 

209764 

96071912 

21.4009 

7.7082 

409 

167ZS1 

68417919 

20.2137 

7.4229 

4S9 

2106S1 

96702579 

21.4143 

7.7138 

410 

168100 

68921000 

10.2485 

7.4190 

460 

211600 

97336000 

21.4476 

7-7194 

411 

1689JI 

69426531 

10.1731 

7-43  SO 

46. 

111521 

97972181 

21.4709 

7-7150 

1697+4 

69934528 

20-2978 

7.4410 

462 

2.4369 

9861 11 28 

21.4942 

7.7306 

4iJ 

170569 

70444997 

10.3214 

74470 

463 

99151847 

11-5174 

7.7362 

414 

171396 

70957944 

20.3470 

7-4S30 

464 

1.5296 

998973+4 

21.5407 

7.741  s 

41s 

1722ZS 

7147337s 

M.37I5 

74590 

465 

2.6215 

100544625 

21.5639 

7.7473 

416 

173056 

71991196 

10.3961 

7.4650 

466 

217156 

10.194696 

21.5870 

7.7529 

417 

173889 

7251I713 

20.4206 

7.4710 

467 

2.80^9 

101847563 

7-7584 

4.8 

174724 

73034632 

20.4450 

7.4770 

468 

119024 

102503232 

"-6m 

7.7639 

4"9 

175561 

73560059 

20.469s 

7.4819 

469 

219961 

103161709 

11.6564 

7-769S 

4» 

176400 

74088000 

20.4939 

7-+889 

470 

220900 

103823000 

11.6795 

7-77SO 

421 

.77141 

74618461 

20.5183 

7.4948 

471 

21184, 

1044871.1 

21.7025 

7.7805 

421 

178084 

7,---    48 

20.5416 

7.5007 

471 

2127B4 

105154048 

21.7256 

7.7860 

m 

178919 

7:          S7 

20.5670 

7.5067 

473 

213729 

105B23817 

21.7486 

7.7915 

4*4 

179776 

7>         14 

20.5913 

7.5116 

474 

224676 

106496414 

2 1-77  IS 

7.7970 

41s 

180625 

71         25 

20-6.55 

7.51B5 

475 

125625 

107171875 

11-7945 

426 

181476 

7;         76 

7.S144 

476 

116576 

107850176 

iJ-8174 

7-8079 

417 

181329 

T          83 

7.5302 

477 

227529 

108531333 

7-8134 

4^8 

183184 

71          51 

7.536. 

478 

228484 

.09215352 

7.8.88 

4»9 

184041 

7»9S3S89 

20.7123 

7.S+20 

479 

229441 

109902239 

21.8861 

7.8243 

430 

184900 

79507000 

20.7364 

7.5478 

480 

130400 

1 10592000 

21.9089 

7.8297 

43  > 

185761 

80062991 

10.7605 

7-SS37 

481 

231361 

111284641 

21.9317 

7.8351 

43a 

186624 

80611568 

7-5S9S 

482 

231324 

111980168 

21-9545 

7.8406 

433 

1874S9 

81182737 

20.8087 

7.565+ 

483 

233289 

II 2678587 

21.9773 

7.8460 

434 

188356 

81746504 

10.8327 

7S7I1 

484 

234156 

113379904 

7.85.4 

435 

iS9«5 

82311875 

20.8567 

75770 

485 

vs 

1.4084125 

12.0227 

7.8;68 

436 

190096 

81881856 

20.8806 

7.5828 

486 

114791256 

12.0454 

7.8S1; 

437 

190969 

83453453 

20.9045 

7.5886 

487 

137169 

1.5501303 

22.0681 

7.8676 

438 

191844 

84027671 

20.9284 

7-5944 
7.6001 

488 

238144 

116214271 

11.0907 

7-8730 

439 

192711 

84604519 

20.9513 

489 

2J9I2I 

116930169 

22.1133 

7.8784 

440 

193600 

85184000 

10,9762 

7.6059 

490 

140100 

1 1 7649000 

12.1359 

7.8837 

441 

1944B1 

85766.21 

7-6.17 

491 

241081 

118370771 

22.1585 

7.8891 

44^ 

19530+ 

86350888 

11.0238 

7.6174 

492 

141064 

1.9095488 

22.1811 

7-8944 

443 

196149 

86938307 

21,0476 

7.6232 

493 

243049 

119823157 

7.8998 

4+4 

197130 

87528J84 

21.0713 

7.6189 

494 

244036 

120553784 

7.9051 

44S 

198025 

88121125 

2.. 0950 

7.6346 

495 

245025 

121287375 

21.2486 

7.9105 

446 

1989.6 

88716536 

21.1187 

7.6403 

496 

246016 

122023936 

22.2711 

7-91 58 

+47 

199B09 

89314623 

21.1424 

7.6460 

+97 

247009 

111763473 

21.1935 

7.91" 

448 

200704 

89915392 

2.1660 

7.6517 

+98 

248004 

.13505991 

21.3159 

7.9264 

449 

101601 

90518849 

21.1896 

76574 

499 

249001 

124251499 

22.J383 

7-9317 

c.s.,=j  I,  Google 


TABLE  165. — Conlimied. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  NtniBSRS  from  500  to  599. 


No. 

Square. 

Cub*. 

ScRoot. 

Cl.  Root. 

No. 

SQuare. 

Cube. 

Sq.Root. 

Cu.  Root. 

500 

J500cx> 

iijooooooi 

12.3607 

7.9370 

550 

302500 

166375000 

13,4521 

8.1932 

SOI 

2SI0OI 

115751501 

12.3830 

7,9+13 

551 

303601 

16728+151 

*3-4734 

8,1962 

501 

152004 

116506008 

12.+OS  + 

7,9+76 

S52 

304704 

168196608 

23-4947 

8.1031 

S03 

I53a>? 

117263527 

12.+277 

79528 

S53 

305  B09 

169112377 

33.5160 

8,2081 

504 

254016 

11802406+ 

12.4499 

7-9581 

554 

306916 

17003146+ 

23-5372 

8,2130 

SOS 

255025 

.18787625 

12.+721 

l& 

555 

308015 

170953875 

23.5584 

8,itgo 

S06 

256036 

129554216 

21.49+4 

556 

309136 

,7187961^ 

23.5797 

8,1129 

507 

257049 

■303238+3 

12.5167 

7-9739 

557 

310249 

311364 

171808693 

33.6008 

8,2178 

508 

25806+ 

I3I096512 

12.5389 

7.9791 

558 

173741112 

23.6220 

8,2337 

509 

259081 

13  J 872229 

21.56.0 

7.9843 

559 

312481  . 

174676879 

23.6432 

8.3377 

510 

260100 

131651000 

21.5832 

7.9896 

560 

313600 

175616000 

23.6643 

8.1426 

5" 

161121 

133432831 

22.6053 

7.9948 

561 

314711 

176558+81 

23.685+ 

8.2475 

5" 

262144 

I 341 I 7728 

22.617+ 

8.0000 

S5i 

177504328 

23.7065 

8.151+ 

513 

163169 

135005697 

22.6+95 

8-M52 

563 

178453547 

13.7276 

8.2573 

5H 

26+196 

135796744 

21.6716 

564 

179+0614+ 

23-7487 

SIS 

265225 

136590875 

22.6936 

8.0156 

56s 

319225 

180362125 

23-7697 

8'2670 

S16 

266256 

137388096 

11.7156 

e.02o8 

566 

320356 

181311+96 

23.7908 

8,2719 

317 

167289 

138188+13 

12.7376 

8.0260 

567 

J21489 

18238+263 

13,8118 

8,3768 

S>8 

268324 

138991832 

12.7596 

8.03 1 1 

568 

312624 

183250+32 

23-8328 

8,2816 

SI9 

269361 

139798359 

22.7816 

8.036J 

569 

J23761 

184220009 

23-8537 

8,2865 

JM 

170400 

140608000 

22.803s 

8.0+15 

570 

324900 

185193000 

23.87+7 

8,2913 

511 

271441 

I+I42076I 

22.8254 

8.0+66 

571 

3260+1 

18616941. 

23.8956 

8,1961 

SI2 

272484 

142136648 

21.8473 

8.0517 

572 

327184 

1871+92+8 

33-9165 

e.3010 

5^3 

27352? 

143055667 

22.8691 

8.0569 

573 

328329 

188132317 

33.9374 

8.3059 

SH 

274576 

1+387781+ 

11.8910 

8.0620 

574 

329476 

189119214 

23.9583 

8.3107 

51S 

14470312s 

21.9119 

8.0671 

S75 

33062s 

190109375 

23.9791 

8-3155 

Si6 

145531576 

12.9347 

8.0723 

576 

331776 

191 102976 

24.0000 

8.3203 

S27 

177729 

146363 183 

21.956s 

8.0774 

577 

332929 

192100033 

24.0208 

8.3251 

Si8 

27878+ 

147 197952 

21.9783 

8.0825 

578 

334084 

193100552 

24.0416 

8.3300 

S29 

179841 

148035889 

13.0000 

8.0876 

579 

335MI 

194104539 

24.0614 

8.33+8 

S30 

280900 

148877000 

1J.02I7 

8.0927 

580 

336400 

195112000 

14.0831 

B.3396 

;3i 

281961 

I4972I29I 

23.0+34 

8.0978 

581 

337561 

196121941 

197137368 

24.1039 

8-3443 

S3i 

283024 

150568768 

13.0651 

e.iois 

582 

338724 

24.1247 

8.3491 

S33 

284089 

15 '419437 

23.0868 

8.1079 

5*3 

33988? 

198155287 

S:;sij 

8-3539 

534 

S 

152173304 

23.1084 

8.1130 

584 

341056 

199176704 

8.3587 

S3S 

153130375 

23-1301 

8.1180 

111 

342225 

20020161; 

14.1868 

8,3634 

S3D 

187296 

153990656 

23.1517 

8.1231 

343396 

201230056 

14.207+ 

8,3681 

537 

288369 

154854153 

23.1733 

8.1281 

587 

344569 

202262003 

2+.32BI 

8,3730 

538 

289444 

155720872 

13.1948 
23.2164 

8.13,1 

S88 

345744 

203297+72 

2+.3487 

8-3777 

S39 

*905ii 

156590819 

8.1382 

589 

346921 

20+336469 

2+,2693 

8,382s 

S40 

291600 

15746+000 

23-2379 

8.1433 

590 

348100 

205379000 

1+.3899 

8.3872 

541 

192681 

158340421 

13.2594 

8.1483 

591 

349281 

206+25071 

24-3105 

8,3919 

S4S 

293764 

159210088 

13.2809 

8.1533 

592 

350464 

207+7468B 

24-33' 1 

8-3967 

S43 

39+8+9 

160103007 

2J.302+ 

8.1583 

593 

351649 

208527857 

24.3516 

8.4014 

S44 

295936 

I60989I8+ 

13.3138 

8.1633 

594 

352836 

20958+58+ 

14.3721 

8.4061 

54S 

297015 

16187862s 

23.3+sl 

8.1683 

595 

35402s 

2106++S75 

24.3926 

8,4108 

S46 

198116 

I6177I336 

23.3666 

■S.1733 

596 

355216 

211708736 

34.4131 

8.4155 

S47 

299109 

[6366731 J 

13.3880 

8.1783 

597 

356409 

212776173 

24,4336 

8.4202 

548 

300304 

164566592 

23.4094 

i'lP 

598 

357004 

213847192 

24,45+0 

8.4249 

S49 

301401 

[65+691+9 

23.4307 

8.1881 

599 

358801 

214921799 

24-4745 

8.4296 

D,t„.n,  Google 


TABLE  l6S.-~CoiUiKued. 
Squares,  Cobbs,  Squakb  Roots  and  Cube  Roots  of  Nuhbrrs  fbom  600  to  699. 


No. 

Squ«fe. 

Cub*. 

Sq.Root. 

Cl.  Root. 

No. 

Squ«. 

Cube. 

Sq.Rort. 

Cu.R^. 

6co 

36cnoo 

216000000 

2+.+949 

8-4343 

650 

412500 

17+625000 

15-4951 

8.6624 

601 

36,20, 

217081801 

i4-Sii3 

8.4390 

651 

413801 

27589445' 

15  5147 

8.6668 

6m 

11^ 

218167108 

H-S3S7 

8-4437 

652 

+35104 

177167808 

25  5343 

8.6713 

<») 

219256227 

14.556I 

8.4484 

653 

416409 

278+45077 

15-5539 

8-6757 

60, 

367136 

210348864 

^45764 

8.4530 

654 

427716 

179726264 

15-5734 

8.6801 

60s 

211445125 

14.5967 

S-4S77 

6SS 

429025 

281011375 

25.5930 

8.6845 

606 

222545016 

24.6171 

8.4613 

656 

430336 

282300416 

15.6125 

8.6890 

60J 

l^ 

213648543 

24.6374 

8.4670 

657 

431649 
341964 

283593393 

25.6310 

8.6934 

608 

1147SS712 

24.6577 

8.47.6 

658 

18+890311 

25-6515 

8.6978 

&9 

370881 

125866519 

24.6779 

8.4763 

659 

434»8i 

286191179 

15.6710 

87021 

610 

371100 

216981000 

14.6982 

8.4809 

660 

435600 

287496000 

256905 

8.7066 

611 

373J" 

228099131 

24.7184 

8.4856 

661 

436921 

288804781 

25.7099 

87110 

613 

374544 

129220928 

24.7386 

8.4901 

662 

438144 

290117528 

25.7194 

8.7154 

<■■) 

375769 

130346397 

24.7588 

8.4948 

66, 

439569 

291434247 

25.7+88 

8.7198 

6u 

376996 

i3l47SS44 

24,7790 

8.4994 

664 

+40896 

191754944 

15.7681 

8.7141 

61! 

378WS 

232608375 

14.7992 

8.5040 

11 

441115 

25.7876 

8.7285 

616 

s« 

1337+4B96 

14.B193 

8.5086 

443556 

15.6070 

8.7319 

617 

234885113 

14.8395 

8.5132 

667 

446224 

296740963 

15.8263 

8.7373 
8.7416 

618 

38,924 

236029031 

24.8596 

8.S178 

668 

198077631 

15-8+57 

619 

38316, 

137176659 

14-8797 

8.5124 

669 

447561 

199418309 

25.8650 

8.7460 

610 

Ite 

138318000 

24.8998 

8.5170 

670 

44B900 

300763000 

15.8844 

8.7503 

611 

I'XZ 

24.9199 

8.5316 

671 

450241 

302111711 

25-9037 

87547 

622 

14.9399 

8.5362 

671 

451584 

303+64+48 

25.9130 

8-7S90 

623 

388 1 29 

241804367 

24.9600 

8.5408 

673 

+52919 

30+821217 

25.9+12 

87634 

62, 

389376 

241970614 

24.9800 

8S4S3 

674 

+54276 

306182014 

15.9615 

8.7677 

62s 

39062s 

24414062s 

25.0000 

85499 

676 

455615 

30754687s 

25.9808 

8.7721 

626 

391876 

MS314376 

25.0100 

8.SS44 

456976 

308915776 

16.0000 

8.7764 

627 

393119 

146491883 

15.0400 

8.5590 

677 

458329 

310288733 

16.0192 

8.7807 

628 

39438+ 

147673151 

25.0599 

8.5635 

678 

459684 
4610+1 

311665752 

S 

87850 

6,9 

39S641 

2+8858189 

2S-0799 

8.568. 

679 

3i3G}6839 

8.7893 

6,0 

396900 

250047000 

25.0998 

8.5716 

680 

462400 

314432000 

26.0768 

8.7937 

6ji 

398161 

151139591 

25.1197 

8.5771 

681 

463761 

315821141 

16.0960 

8.7980 

6J2 

152+35968 

15.1396 

8.5817 

681 

465124 

317114568 

26.1151 

8.8023 

6J3 

253636137 

25.1595 

8.5862 

683 

466489 

318611987 

26.13+3 

S.So6^ 

'H 

401956 

154840104 

15-1794 

8.5907 

684 

467856 

320013504 

26.1534 

8.8109 

6J! 

40321s 

156047875 

15.1992 

8S95» 

685 

+69215 

321+1911S 

16.1715 

8.8151 

636 

157259456 

15.2190 

8.S997 

686 

470596 

311818856 

16.1916 

8.8194 

637 

405769 

158474853 
159694071 

25.2389 

860+3 

687 

471969 

314241703 

26.H07 

8.8237 

638 

407044 

25  1587 

688 

473344 

16.2298 

8.8280 

639 

408321 

1609171 19 

15-2784 

8613a 

689 

474721 

317082769 

26.1488 

8.83IJ 

6,0 

409600 

162144000 

25.2982 

86177 

690 

476100 

328509000 

16.1679 

8.8366 

641 

163374711 

25.3180 

8.6111 

691 

477481 

319939371 

16.1869 

8.8+06 

6)2 

+.2164 

16+6091B8 

25.3377 

8.6167 

692 

478864 

331373888 

16.3059 

8.8451 

643 

4I3M9 

165847707 

15.3574 

8.6311 

693 

4802+9 

331811557 

16.31+9 

8.8493 

6« 

414736 

25.3772 

8.6357 

694 

481636 

334155384 

26.3+39 

8.8536 

64s 

+  .601S 

168336125 

153969 

8-6401 

69s 

tZil 

335701375 

263619 

8.8578 

646 

4173 16 

269586136 

15.4165 

8.6446 

696 

337153536 

16.3818 

88611 

647 

418609 

2708+0023 

15  4362 

eeSo 

6^7 

48iS09 

3386^873 

26i:»8 

8.8663 

648 

419904 

172097791 

1S-4SS8 

8  6535 

698 

487204 

340068391 

16.4197 

8.8706 

649 

421101 

27J3S9449 

1S-475S 

e.6s79 

699 

488601 

341SJ1099 

26^386 

B.87+S 

c.s.,=j  I,  Google 


TABLE  165.—ConiitiMd. 
Squares,  Cubbs,  Sqoake  Roots  and  Cubb  Roots  op  Numbers  pxou  700  to  799. 


No. 

SqiuR. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

SQiiare. 

Cube. 

Sq.  Root. 

Cu.  Root. 

700 

490000 

343000000 

16.4575 

8.8790 

7SO 

562500 

411875000 

17.3861 

9-08S6 

701 

491401 

34447110: 

26.4764 

8.B833 

751 

564001 

+13564751 

17.4044 
27.4226 

9-0896 

^o^ 

492804 

345948408 

26.4953 

8.8875 

751 

565504 

415159008 

9-0937 

7°3 

494109 

347428927 

16.5141 

B.8917 

753 

567009 

416957777 

27.4408 

9-0977 

7°4 

*^S^6 

3489:3664 

26.5330 

B.B959 

75+ 

568516 

428661064 

17-4591 

9.1017 

70s 

49702; 
498436 

350402615 

26.55:8 

8.9001 

755 

570025 

43036887; 

174773 

9-IOS7 

706 

3Si89S8'6 

26.5707 

8.9043 

7S6 

571536 

17.4955 

9-1098 

707 

499849 

3S3J93H3 

26.5895 

8.908s 

757 

573049 

433798093 

17.5136 

9,1138 

708 

SO1264 

3548949" 
356400829 

26.6083 

8.9117 

758 

57*564 

4355195" 

27,5318 

9..178 

709 

SOiOi 

16.6171 

8.9169 

759 

S760B1 

+37145+79 

17.5500 

9.121S 

710 

S04100 

357911000 

16.6458 

8.9211 

760 

577600 

438976000 

17-5681 

9.1258 

711 

SOSSii 

35941543: 

26.6646 

8.9253 

761 

S7< 

44071 1081 

27.5862 

9.1298 

71* 

360944128 

26.6833 

8.929s 

761 

58( 

442450728 

27.6043 

9-1338 

713 

508369 

362467097 

16.701: 

8-9337 

763 

58; 

444194947 

17.622s 

9.1378 

7'+ 

3639943++ 

26.7208 

8.937.? 

764 

58: 

+45943744 

17.6405 

9.1418 

715 

5:1225 

36;s2;a7s     26.7395 

8.9410 

765 

S8i 

447697125 

27.6586 

9-1+58 

716 

5:2656 

367061696 

16,7582 

e.9461 

766 

58! 

+49*55096 

17,6767 

9.1498 

717 

5:4089 

368601813 

16.7769 

8-9SOJ 

767 

S8t 

17.6948 

9-1537 

718 

5155^4 

370146232 

26.7955 

B.9545 

768 

58^-, 

451984832 
454756609 

27.7118 

9-1577 

719 

SiS^i 

371694959 

16. Si  41 

8,9587 

769 

59IJ61 

17-7308 

9.1617 

7TO 

5 18400 

373248000 

26.8328 

8,9618 

770 

592900 

+56533000 

27-7489 

9.1657 

jit 

S 19841 

37+80536: 

26.8514 

8,9670 

771 

59+++1 

4583140:1 

27,7669 

9.1696 

722 

52.284 

376367048 

26.8701 

8.9711 

771 

595984 

460099648 

27.7849 

9-1736 

723 

522729 

377933067 

16-8887 

8.9751 

773 

597519 

461889917 

27,8029 

9-1 775 

714 

524176 

379503+24 

16.9072 

8,9794 

774 

599076 

463684824 

17,8209 

9.1815 

725 

525625 

38:078:2; 

26,9158 

8.9835 

775 

600625 

465484375 

27.8388 

9.1855 

716 

517076 

381657176 

16,9444 

8,9876 

776 

602176 

467288576 

17-8568 

9.1894 

518529 

384240583 

16,9619 

8,9918 

777 

603719 

469097433 

17.8747 

9.1933 

?28 

529984 

38582835. 

26.98:5 

8,9959 

778 

605284 

470910952 

27.B917 

9-1973 

729 

53:44' 

387420489 

17.0000 

9-0000 

779 

606B41 

471719 '39 

17-9106 

9.2011 

7JO 

532900 

389017000 

17-0185 

9.0041 

780 

608400 

474551000 

27,9285 

9.2051 

731 

SH361 

390617891 

27.0370 

9.0081 

781 

609961 

476379541 

17.9464 

9.2091 

731 

535824 

392223168 

17-0555 

90123 

782 

611514 

478211768 

17.9643 

9.1130 

733 

537189 

393831837 

27-0740 

9.0164 

783 

613089 

480048687 

17.9821 

9.2170 

73+ 

538756 

395446904 
397065375 

17-0914 

9-0205 

784 

614656 

481890304 

18.0000 

9-2209 

73  S 

540225 

27-1109 

9.0146 

785 

+8373662! 

28.0179 

736 

541696 

398688256 

17.1193 

9.0187 

786 

6l77^ 

+85587656 

18.0357 

737 

543169 

+00315553 

17-1477 
27.1662 

9.0328 

787 

619369 

487443403 

18.0535 

9-1316 

738 

544644 

401947271 

9.0369 

788 

620944 

489303871 

18.0713 

92365 

739 

S46... 

403583419 

17.1846 

9.0410 

789 

622521 

491169069 

1S.0891 

9.2404 

740 

547600 

405214000 

27.2029 

9.0450 

790 

614100 

493039000 

18.1069 

9.1443 

7+1 

S+9O8I 

406869021 

17.2113 

9-0+91 

791 

615681 

494913671 

18  1147 

9,2481 

742 

550564 

408518488 

27  2397 

9-0532 

792 

617264 

496793088 

f.:l£l 

9,1521 

743 

55 2049 

410172407 

27.1580 

9-0571 

793 

618849 

+98677157 

9.1560 

74+ 

553536 

4:1830784 

17.1764 

9.0613 

79+ 

630436 

500566 1 84 

18.1780 

9,1599 

74S 

5550^5 

413493625 

27,2947 

9.0654 

795 

502459875 

28.1957 

9-1638 

746 

556516 

4:5160936 

17,3130 

9.0694 

796 

6336^1 

504358336 

18.2135 

9.1677 

747 

558009 

416832723 

17.33 13 

9.0735 

797 

635109 

506261573 

18.2312 

9,1716 

748 

559504 

418508991 

27.3496 

9-0775 

798 

636804 

508169591 

28.1489 

9.1754 

7+9 

420:89749 

27,3679 

9.0816 

799 

638401 

510082399 

28.2666 

9,1793 

c.s.,=j  I,  Google 


TABLE  165.— Continued. 
Squasbs,  Cubes,  Squarb  Rocrrs  and  Cubs  Roots  <w  Nohbbbs  frou  8oo  to  S99. 


No. 

Squa™. 

Cube. 

Sq.Root. 

Cu.  Root. 

No. 

SQuan. 

Cube. 

&l.Itoot. 

Cu.  RmL 

Soo 

640000 

511000000 

18.1843 

9.2832 

8so 

712500 

614125000 

616195051 

29.1548 

9-4717 

801 

641601 

51392*401 

28.3019 

9.2870 

851 

714201 

29.1719 

9-4764 

802 

643204 

515849608 

18.3.96 

9.1909 

852 

725904 

618470208 

29.1890 

9.4801 

803 

644S09 

517781627 

28.3373 

9.1948 

853 

717609 

610650477 

9.4838 

804 

646416 

S 19718464 

28.3549 

9.2986 

854 

729316 

612835864 

29.2233 

9-487; 

rj 

64802s 

521660125 

28.3725 

9.3025 

85s 

731025 

62502637; 

29.2404 

94912 

649636 

523606616 

28.3901 

9.3063 

8s6 

732736 

617112016 

29-2575 

94949 

807 

651249 

S2SSS7943 

28.4077 

9.3102 

8S7 

?]^: 

629422793 

19.2746 

9-4986 

652864 

527514112 

28.4253 

9.3140 

858 

631628712 

29.2916 

9.5023 

809 

654481 

529475129 

284429 

9'3i79 

859 

737881 

633839779 

29.3087 

9.5060 

Sio 

656100 

S3i44'«« 

28460s 

9.3117 

S60 

739600 

63605600c 

19.3258 

9-5097 

811 

657721 

533411731 

284781 

9-32SS 

741321 

638277381 

29.3428 

9-5134 

Su 

iss 

535387318 

28.4956 

9-3*94 

862 

743044 

640503928 

29.3598 

9.5171 

813 

537367797 

28.5132 

93332 

863 

744769 

6+2735647 

29.3769 

9-5207 

814 

662596 

S393SJ144 

28.5307 

9.3370 

864 

746496 

644972544 

29,3939 

9-5244 

S15 

66+22S 

54'34337S 

28.5482 

9.3408 

86s 

74822s 

64721461s 

29-4109 

9.5281 

816 

665856 

543338496 

28  5657 

9-3447 

866 

749956 

6+9+61896 

19.4279 

9-S3'7 

817 

667489 

545338513 

28.5832 

9-3485 

867 

751689 

651714363 

29-4449 

9-5354 

SiS 

669124 

54734343 J 

18.6007 

9.3523 

868 

753424 

653972032 

29.4618 

9539' 

819 

549353^59 

28.6182 

9-3561 

869 

755161 

656234909 

294788 

95427 

810 

671400 

551368000 

28.6356 

9-3S99 

870 

756900 

658503000 

294958 

9-5464 

821 

674041 

553387661 

28.6531 

9.3637 

871 

758641 

660776311 

29.5127 

9.5501 

8I2 

67S684 

555411248 

28.6705 

9-3675 

872 

760384 

663054B48 

29.5296 

9-5537 

823 

677329 

5S7H1767 

28.6880 

9-3713 

873 

762129 

665338617 

29.5466 

9-5374 

8»4 

678976 

559476224 

18,7054 

9-3751 

874 

763876 

667627624 

29-5635 

9.5610 

8is 

68062s 

5615 15615 

18  7218 

9-3789 

87s 

765625 

669921875 

29-5804 

9-5647 

826 

682176 

563559976 

18.7402 

9.3827 

876 

767376 

672221376 

29-S973 

9.5683 

817 

683929 

565609283 

18.7576 

9-3865 

877 

7691 29 

674526133 

29.6142 

9-5719 

82B 

685584 

567663551 

18.7750 

9.3902 

878 

770S84 

676836152 

29.6311 

9-5756 

829 

687241 

569722789 

28.7924 

9-3940 

879 

772641 

67915 1439 

29.6479 

9-579: 

830 

688900 

571787000 

18.8097 

9-3978 

880 

774400 

681472000 

29.6648 

9.5828 

831 

690561 

573856191 

18,8271 

9.4016 

881 

776 161 

sa; 

29.6816 

9.5865 

832 

692224 

575930368 

28.844+ 

9-4053 

777924 

29-6985 

9-5901 

833 

693889 

578009537 

28.8617 

9.4091 

883 

779689 

688465 3 87 

29.7153 

9-5937 

834 

695556 

580093704 

28,8791 

94129 

884 

781456 

690807104 

29.7321 

9-5973 

83s 

69712s 

582181875 

18.8964 

94166 

885 

29-7489 

9.6010 

836 

698896 

584277056 

28.9137 

94204 

886 

29.7658 

837 

700569 

586376253 

18.9310 

9-4241 

887 

29  7825 

9:608. 

838 

702244 

558480472 

18.9482 

9.4279 

888 

788544 

700227072 

29.7993 

9.61 1 R 

839 

703921 

590589719 

28.9655 

9-4316 

889 

79032 1  ■ 

702595369 

29.8161 

9.6154 

840 

70560° 

592704000 

28.9828 

9-43  54 

890 

792100 

704969000 

29-8329 

9.6190 

841 

707281 

594813321 

19,0000 

94391 

891 

793881 

707347971 

29.8496 

9.6226 

842 

708964 

596947688 

19.0172 

9.4429 

892 

795664 

709732288 

29-8664 

9.6:6: 

843 

710649 

599077107 

29.034s 

9.4466 

893 

797449 

7I212I957 

29.8831 

9.629S 

B44 

712336 

601211584 

19.0517 

9-4503 

894 

799236 

7145 16984 

19.8998 

9-6334 

84s 

714025 

603351125 

29.0689 

94541 

g 

80102s 

71691737s 

29.9166 

96370 

8+6 

715716 

605495736 

19.0861 

9-4578 

802816 

7I93131J6 

29-9333 

9.6406 

847 

717409 

607645413 

29.1033 

9-4615 

897 

804609 

721734273 

19.9500 

9.6442 

848 

719104 

29.1204 

9-*6s2 

898 

806404 

714150792 

29.9666 

9-6477 

849 

720801 

61 1960049 

29.1376 

94690 

899 

808101 

726571699 

29-9833 

9.6513 

c.s.,=j  I,  Google 


TABLE  165— Continued. 
Squares,  Cubbs,  Sqoake  Roots  and  Cubs  Roots  of  Nuubbss  froh  900  1 


•Jo. 

Sauare. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Saum. 

Cub*. 

Sq.  Root. 

Cu-Root. 

900 

810000 

729000000 

300000 

9.6549 

9SO 

902500 

857375000 

30.8211 

9.8305 

901 

SiiSot 

731431701 

30.0.67 

9-6^ 

951 

90401 
906304 

860085351 

3083  83 

9-8339 

901 

81J604 

733870808 

30.0333 

952 

862801408 

30-8545 

9-8374 

903 

815409 

736314327 

30.0500 

1:6656 

953 

908109 

865523177 

30.8707 

9.8408 

904 

817116 

738763264 

30.0666 

9-6691 

954 

910116 

868250664 

30B869 

9.8443 

90s 

819015 

741117625 

30.0832 

9.6717 

IP 

911015 

87^3875 

30.9031 

9-8477 

906 

810836 

743677416 
746141643 

30.0998 

9-6763 

913936 

873722816 

30.9192 

9.85.1 

907 

B11649 

30.1164 

9.6799 

957 

915849 

917764 

876467493 

30.9354 

9.8546 

908 

814464 

748613 J 11 

30.1330 

9.6834 

K' 

879217912 

309516 

9.8580 
9-8614 

909 

816181 

751089429 

30.1496 

9.6870 

9S9 

9196S1 

881974079 

30.9677 

9IO 

SiSioo 

753571000 

30.1662 

9-6905 

960 

921600 

884736000 

30.9839 

9.8648 

911 

8199" 

756058031 

30.1828 

9.6941 

96. 

913511 

887503681 

31.0000 

9.8683 

911 

831744 
83356^ 

758550528 

30.1993 

9.6976 

96. 

925444 

890277128 

31.0161 

9.8717 

913 

761048497 

30.1159 

9.7011 

96! 

927369 

893056347 

31.0322 

9.8751 

91+ 

835396 

763551944 

30.2314 

9.7047 

964 

919296 

895841344 

31-0483 

9.8785 

9'S 

837225 

302490 

9.7082 

g 

931225 

898631125 

31-0644 

9.8819 

9.6 

839056 

768575296 

30.2655 

9.7118 

933156 

90.428696 

31-0805 

9-8854 

917 

840889 

77 10952 13 

30.2820 

9-7 "53 

967 

935089 

904131063 

31.0966 

9-8888 

918 

841714 

773620631 

30.2985 

9.7188 

968 

937024 

907039132 

31-1127 

9.8912 

919 

844561 

776151559 

303150 

9.7214 

969 

938961 

909853209 

31.1288 

9.8956 

910 

846400 

778688000 

30.331s 

9.7259 

970 

940900 

912673000 

31-1448 

9.8990 

921 

848441 

781229961 

3O.34BO 
303645 

9.7294 

971 

942841 

91 5498611 

311609 

9-9014 

922 

850084 

7B3777448 

9-7319 

972 

9447B4 
946729 

918330048 

31.1769 

9-9058 

913 

851919 

786330467 

30.3809 

9.7364 

973 

921167317 

31.1929 

9.9092 

924 

853776 

788889024 

303974 

9.7400 

974 

948676 

31.1090 

9-9126 

915 

855625 

791453 125 

30.4138 

9-7435 

975 

950625 

92685937; 

31.2250 

g.9160 

916 

857476 

794021776 
796597983 

30.4302 

9-7470 

976 

952576 

929714176 

31.2410 

9.9194 

927 

859329 

30.4467 

9.7505 

977 

954529 

932574833 

31-2570 

9,9127 

9!8 

861184 

799178752 

304631 

97540 

978 

956484 

935441352 

31.2730 

9.9*61 

929 

863041 

801765089 

30.4795 

9-7575 

979 

958441 

938313739 

31.2890 

9.929s 

930 

864900 

804357000 
806954491 

30.4959 

9.7610 

980 

960400 

941191000 

31-3050 

9.9319 

931 

305123 

9-7645 

981 

961361 

944076141 

31.3109 

9-9363 

932 

868624 

809557568 

30.5287 

9.7680 

981 

S289 

94696616E 

31-3369 

9-9396 

93J 

870489 

812166137 

305450 

9-771S 

983 

949861087 

31.3528 

9.9430 

9J4 

871356 

814780504 

305614 

9.7750 

984 

968256 

952763904 

31.3688 

9-9464 

m 
936 

87g2| 

817400375 

30.5778 

9-7785 

985 

970215 

955671615 

31.3847 

9-9497 

810025856 

30.5941 

9.7819 

986 

972196 

958585256 

31.4006 

9-9531 

937 

821656953 

3061OS 

9-7854 

987 

974169 
976144 

961504803 

31-4166 

9-9565 

938 

815193671 

30.6268 

9.7889 

988 

964430272 

31.4325 

9.9598 

939 

88171 I 

827936019 

30.6431 

9-7924 

989 

978121 

967361669 

31.4484 

9-9632 

940 

883600 

830584000 

30.6594 

9-7959 

990 

980100 

970199000 

31.4643 

9-9666 

941 

885481 

833137611 

30.6757 

9-7993 

991 

981081 

97324227 

31-4802 

9.9699 

94» 

887364 

835896888 

30.6920 

9.8028 

992 

gtt 

976191488 

31.4960 

9.9733 

943 

889149 

838561807 

307083 

9.8063 

993 

979146657 

31-51  "9 

9.9766 

9M 

891136 

841132384 

JO7246 

9.8097 

994 

988036 

982107784 

31-5278 

9.9800 

945 

89301; 

843908625 

30.7409 

9-8132 

995 

990025 

98507487s 

31.5436 

9-9833 

946 

K 

846590536 

30.7571 

9.8167 

996 

991016 

988047936 

3I-S595 

9-g866 

947 

849178123 

30-7734 

9.S201 

997 

994009 

996004 

991026973 

31-5753 

9-9900 

94a 

898704 

8S1971J92 

30.7896 

9.8236 

998 

994011992 

31-5911 

9-9933 

949 

900601 

854670349 

30.8058 

9.8270 

999 

998001 

997002999 

31.6070 

9.9967 

D,t.„.n,  Google 


Di.itradb,  Google 
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"A"  Derrick 468,472 

Abutments,  Bridge,  345,  250,  253,  253,  254, 
255.  256,  36; 

Aggregate  for  concrete 24I1  373 

Algebraic  moments 561,  563,  563 

AjKebraic  reaolution 552,  558,  559,  560 

Alloy  steels 487,  495,  519 

Alternate  stresses 57,  141,306,309 

Allowable  preasuies  on  foundations,  336,  349, 

350,  386 
Allowable  pressures  od  masonry,  56,  75,  336, 

249.  379 
Allowable  stresses,  56,  37,  60,  105,  141,  309, 
362,  379,  383 
"  "        in  bearii^    plates,    56,    75, 

nf>.  379 

"        "  cast  iron 65,  104 

■'        "  concrete 530,  521 

"       "  highway  bridges,  117,  141 
"        "  hoisting  rope,  343,  443, 


.  443 


ma'riiU  n 


"  mill  buildup. .         .    _, 
"  office  buildings. . .  79,  105 
"  railway  bridges,  173,  305, 
209 

"  rivets 370 

"  stand-pipes 387,  383 

"  steel 495 

"  steel  reinforcement. .  521 

"  steel  tanks 379 

"  timber,  58,  138,  304,  308, 


wire  rope. .,343.  443,4 
wTought-iron,  65, 104,  4 

Allowance  .or  draw i 

Aluminum ; 

Aluminum  bronze < 

Anchors 63,  94,  95,  144,  i 

Anchors,  Wall 1 

Anchor  bolts 105,  147,  381,  4 

Anchorage 144'  381.  A 

Angle  of  friction,  236,  300,  301,  302,  311,  3 
Angle  of  repose,  236,  300,  301,  302,  311,  3 
321 

1.  65.  I45'  404.  407.  408,  4: 

_,  Cost  of 4 

Angle,  Detail  of 4 

AnRle  strut 409,  575,  S 

Angles 410,  416,  417,  418.  4 

Angles  fastened  by  both  legs 141,  3 


Angles,  Minimum  .  .60, 142,  143,  306,  3it,  333 

Angles,  Overrun  of 231,  411 

Angles,  Starred 57S 

Angles  in  tension 573 

Annealing 63,  146,  214,  217,480 

Anthracite  coal  bin 300,  301,  302,  304 

Anthracite  coal,  Weiriit  of 311 

Anti-condensation  lining,  38,  39,  31,  33,  53,  59, 
.439 

Anti-condensation  lining.  Cost  of 439 

Arbitration  bar 489,  490 

Arch 266 

Arch,  Masonry 371 

Arch,  Roof 13,    14 

Arris 267 

Arfi  bin 300,301,  303,306 

Ashes,  Weight  of 69,300,  311 

Aohlar 267 

Ashlar  masonry 270 

Ashlar  stone 369 

Asbestos 28,  39,  53,  53,  59,  439 

Asbestos,  Cost  of . 439 

Asbestos  covered  steel  sheets 28 

Asphilt 178,  tSi,  182,  516 

Asphalt  paint 516 

Augur 461 

Average  cost  of  steel 433 

Backing 267, 370,  271 

Backing-out  punch 452,  462 

Ballasted  floor 178,  194 

Ballasted  floor  trestle 284 

Ballast,  Weight  of 204,  308 

Baltimore  bndgc  truss 109,  560,  566 

Bars 63,  416,  426 

Bars,  Lacing 414,  598 

Minimum 60,  143,  307 

Shop  coat  of 431 

Bases,  Cast-iron  column 92,  93,  94,  104 

Bases,  Column 104 

Base  plates 63 

Batten  plates 61,  143,  211 

Batter 349,  367,  277 

Batter  of  columns 380 

Batter  pile 379 


Beam  bridges,  Weight  of I 

Beams 404,  407,  408,  416,  4 

Deflection  of ^ 

Detaibof .......83,^ 


V 8»'1*<'7.+ 


Eleams,  PleKure  In i 

Reinforced  concret; ; 

Rolled 58,  104,  1 

Separators  for 

Shop  cost  of 4 

Shear  in 533,  ■ 

Stresses  in,  529.  536,  537,  538,  539,  540,  5, 
„      543.  544.  545 

Beanng  pile 1 

Bearing  plate 75,  379,  ; 

Bearii^  power  of  piks 75,  4 

Becket 448,  4 

Bed 3 

Bed  plates 66,  144,  146,217,  4 

Bench  wall 1 

Bending  moment 160,  £ 

Bending  moment  tables 166,  i 

Bending  moments  in  railway  bridges,  163,  i( 
165,  166,  167,  171,  172 

Bending  stresses  in  wire  rope 3 

Bent a 

Bent,  Transverse 12,  ; 

BessemjT  pig  iron 4 

Bessemer  steel 487,  494,  497,  < 

Bethlehsm  H-colurans 4 

Beveled  washer 5 

Bill  of  Hastings  for  Howe  trusa 2 

material 389,  4 

rivets 4 

timber 288,  4 

Billet-steel  reinforcement J 

"Bite"  of  a  line 4 

Bin  gates. 3 

Bins 399,  3I9.  3 

Bins.  Grain 3 

Bins,  Cost  of 429,  433,  434,  4 

Bins,  Cost  of  erection  of 4 

Blister  steel 487,  4 

Blocks  for  Manila  rope 446,  448.  4 

Blocks  for  wire  rope 447,  4 

Boiler  steel 431,  5 


Bridge  abutmenta,  245,  250,  253,  »53,  254,  255 

clearances 125,  137,  200 

erection 395.  4^9.  44i.  4^5 

floors,  125,  126,  133,  178,  179,  180,  181,  182 

Siers 245,235,357,  258,  259,260 
ignal 157 

■    -^'  -  .  137 

,.  208 
■  4M 


144.  2 

Bolts,  65,  95,  143,  145,  211,  316,  387,  397,  4 
Boits,  Anchor,  see  "Anchor  bolts" 

Bolts,  Falsework 4 

Bolts,  Turned 65,  i 

Bond 267,  270,  531,  526,  i 

Bond  in  concrete 521,  526,  ; 

Boom 468,  469,  470,  4 

Brace,  Shop  details  of 3 

Bracing,  4,  9,  18,  55,  6a,  97,  98,  100,  105,  i; 
212,223,361.381 

lateral 63,  I 

Transverse 9,  18.  62,  137,  223,  3 

Weight  of 

Wind 55,62,98,  100,  101,  I 

Bracket 

Brass j 

Brass,  Weight  of 

Break-water 2 

Brick 4 

Brick  Boor 8. 

Brick.  Wdght  of 69.  3 


■  137.  1 


107.  137.  149.401 

tnissea.  Stresses  in 558,  569 

Steel  for   499 

Timber 277,  385 

Types  of 137,  207 

Waterway  for 250 

Weight  of no,  113,  115,  >50.  '5".  I57 

Bronze 520 

Bmld 267 

Building  columns 19.  20,  21,  84.  93 

Floor  plan  for 81 

Foundations  for ^ 

Height  of 55 

materials 69 

[»per 28 

Buildings,  Specification  for 55,  103,  497 

Steel  office 69 


Weight  of  tall  steel. . 

Buckle  plates 132,  138,  315,  359,  360 

Bulb  angles 418 

Built-up  tension  members 574 

Bulkhead 277,  297 

Bull  wheel 469 

Bunkers,  Suspenuon 309,  315,  316 

Burlap 178   179,  180,  181,  183,  243 

Caisson 94 

Capes 346,  365 

Cain's  formulas  for  retaining  walls 230 

Calculation  of  stresses  in  tallbuildings .  ...     76 
Calculation  of  stresses  in  highway  bridges,  II7, 


S^ 


Calculation  of  stresses  in  railway  bridges.  .  164 

Camber 14,  144,  206,  207,  312,  213 

Camel  back  truss 109,  558.  567 

Cant  hook; 458 

Cantilever  bridge no 

Cantilever  beam 536 

Cap. 377,  279,  296 


Car  pulfei 

Car,  Push 459 

Carbon 488,  4^,  514 

Carbon  steel 149, 152,  173 

Card  of  mill  extras 430,  431 

Carrying  hook   458 

Cast  iron 65, 104,215,297.384.487,  4S8 

column  bases 93,  93,  94 

details 286,  287 

separators 83 

Weight  of 69 

Castings,  Steel 63,  66,  510 

Caulkii^! 380.  386,  387 

plates , f 380 


Catilking,  tool 462 

Cement  paint 516 

Cement,  Specifications  for $32 

Center  of  gravity 535 

Centering 267 

Centrifugal  force 140,  305,  209 

Centroid 535 

Chains.       45« 

Annealing 480 

Cost  of 440 

Channels 417,  418.  427 

Channels.  Separators  for 83 

Chords,  Upper 6t 

Chords  for  railway  bridge 175,  176 

Chords,  Shop  cost  of 434 

Chrome  steel 495 

Chromium- nickel  steel 495 

Circular  ends 221 

girder 367 

steel  bin 313,  317,  326,  333 

ventilator 39,  59.  423.  427 

Clamp 267 

Classification  of  bars 431 

material 426 

Claw  bar 453 

Clearance  diagram 200 

for  members 4OI 

standards 413,  413 

of  riveted  members 219,  412,  413 

Clerestory 3 

Clevis 571,  572 

Clinch  rivets i9<  23 

Closing  rivets 52 

Coal  bin 300,  301,  302,  303,  304,  318 

breakers 361 

bunken 315,  316 

Friction  of 312 

tar  paint 516 

tipples 339,  352.  361,  363,  435 

tipples,  Cost  of 436 

tipples,  Shaking  equipment  for.  353,  357,  358 

washers 361 

Weight  of 311 

CoelScient  of  friction 236,  321 

Coke  bins 313 

Coke,  We^ht  of '. 311 

Cold  cutter 452 

Cod  twisted  bars 508 

Columns,   15,  61,  85,  93,  104,   176,  403,  404, 
40s,  406,  426,  526,  547,  579,  590 

Column  bases 92,  93,  94,  104 

Column  bases,  Pressure  on 56 

Column,  Details  of,  86,  87,  88,  89,  90,  91,  374 

Column  formulas 79,  80,  533 

Column,  Length  of 79,  80,  81 

Column,  Loads  on 74,  104 

Column  schedule 85,  94,  402,  404 

Column  splices 90,  91 

Columns,  Mill  building 19,  20,  21,  54 

Columns,  Office  building 84,  98,  I03 

Columns,  Shop  cost  o! 433 

Columns,  Stresses  in 368,  521 

Columns,  Timber 58,  298 

Coliimns,  Weight  of 4 


Combination  highway  bridge 295,  435 

Combined  stresses.  .57,  141,  209,  531,  534,  587 

Compressive  stress 57,  527,  531 

Compresdon  members 61,  141,  I43 

Compression  flanges 143 

Compression  formulas 79 

Concrete 56,  266,  428 

Abutment 245 

A^regage 341 

Details  a  construction  of 275 

floor 8,  32,33,  54.  132,  179,  180 

in  foundations 386 

Ii^cdients  in 237 

Mudng 340 

Proportions  of 273 

retainii^  walls 234,  238,  239,  241 

Spicifications  for 272 

Strength  of 520 

Weight  of 69,  204,  208,  237,  381 

Connection  ang.es,  65,  145,  404,  407,  408,  413, 
S74.  595 

Conductors 423,  427 

Connections 60 

Connections,  Clearance  for 413,  413 

Connections,  Field 216 

Floot;bcam 183,  184,  185 

Strength  of 142 

Shop  cost  of ._ 430 

Connecting  bar ' .  .453,  461 

Conductors 26,  59 

Contents  of  abutments 254,  255 

Contents  of  piers 358,  259 

Contents  of  retaining  walls 240 

Continuous  beams 543,  544,  545 

Continuous  sash 42 

Conventional  signs  for  materials 399 

Conventional  signs  for  rivets 39& 

Conveyors 334,  335. 

Cooper's  Conventional  loadii^,  151,  159,  ite„ 
163,  164,  i5g,  166,  167,  168,  172 

Cooper's  abutments 254 

Cooper's  piers 255,  261 

Cooper  hitch 571 

Copa 407 

Cope  chisel 453 

Coping 367,  270 

Coulomb's  theory 225,  227 

Copper 519 

nvets 23,  53 

?!:eel...... 495 


-26,53,59 


Corrugated  steel,  15,  52,  56,  59,  320,  423,  427, 
456 

plans  5r 

roofing  27,  28,  51,  586. 

Cost  of  4*9.439' 

Details  of  22,  23,  24 

door  44. 

fastenmgs  19 

Minimum  thickness  of  8 

Safe  loads  for  33 


D„ti.~~,  Google 


PAC8 

Corrugated  Bteel,  ahear 456,  460 

tools 456 

Weight  of. 4,  33 

Corrugated  iron  floor 34 

Co«t  of  drafting 439 

erection.  .  .  .  .  . 347,  436,  437,  438 

erection  of  tubular  piere 437 

erection  of  steel  head  fiame 347 

««!" ;.■■■■ 439 

laying  corrugated  steel 439 

material ; . .  .428,  440 

mill  extras 430 

painting 430.  433,  438 

roofing 439 

"vetinjt 436,  437.  438 

tar  and  gravel  roofing 32,  439 

tile  roofing 31 

steel  grain  elevators 337 

structural  steel 435,  438,  429 

Counters 142,  ao6,  210 

Counterbalanced  windows 39 

Counterfort  retaining  wall 239 

Couple 527 

Course 267 

Coursed j 267 

Cover  plates 330 

Crab 443.443 

Cramps 267 

Crane  girders 54,  426,  542 

Crane  posts 61 

Cross  frame 224 

Cross-eyed  fuller 462 

Cross-grain 278 

-Crow  bar 453 

■Culvert a66,  271,  435 

Culverts,  Shop  cost  of 435 

Culverts,  Waterway  for 350 

Cuppers 453 

Cutting  to  exact  length 430 

Cut-water 349 

Curb 138 

Cylinder  piers 255,  a6o,  261,  265 

Cylinder  piers,  Shop  cost  of 435 

Dead  loads,  55,  116,  139,  203,  204,  307,  303, 

361 

E>cad  loads  of  office  buildings 70 

Dead  load  stresses .553,  556 

Dmd  man 47" 

Deck  beams 418 

Deck  plate  girders.  .^ 400 

Deck  truss.  Stresses  in 566 

Deep  bins 311,  319,  32S 

Deflection  of  beams,  530,  533,  536,  537,  538, 

539.540.541.543.544.545 

Deformation 527,  533 

Deformed  bars 508,  509 

Delta  metal 520 

Depth  of  bridge  trusses 125 

Depth  of  plate  girders 3Io 

Depth  of  trusses 2IO 

Derrick  car 470,  480,  481 

Derrick  crab 442 

Derricks 480 


Dengn  of  bearing  plates 586 

Dins 313, 336 

columns 579 

end-post 587 

tloorbeam 590 


l-b 


.580 


lacii^  bars. . 

pins 5»* 

plate  Orders jGi 

railway  bridges 219 

retaimng  waTls 331,  233,  334  . 

rollers 379  1 

steel  details 571 

stand-pipes 381 

De»gn  drawings 411 

Design  for  flexural  stress $jg 

Detail  notes 410 

Details  of  angle  struts 409 

beams 82.333,407,408 

frameworic 8j 

bridges 119.  130,  17s 

columns,  19,  20,  21,  86,  87,  88,  89,  90,91 

Cost  of 429 

end-post 396 

head  frames 347,  348,  349,  350 

office  buildings 103 

roof  trusses,  16,  17,  18,  390,  391,  392,  393 

atand-pipee 369,  37".  379 

tanks 369 

top  chord 397 

wall  construction gi 

wind  bracing 98 

Diagonal  stresses 531 

Diagonal  tension 53' 

Diamond  point 45J 

Dimension  stone 2b; 

Disc  pile 279 

Dolly 454.  455.  456.  461 

Door 43,  60,  329,  422,  428,  44a 

Door  track. 48 

Dote 279 

Dowil 368,  27- 

Draft ■ 268 

Drafting.  Cost  of 429 

Drafting,  Structural 389 

Drainage  table 251 

Drainage  for  highway  bridfce  floors 13S 

Draw,  Allowance  for 233 

Draw  spans 1 57 

Dressing  stone 269 

Drift  bolt 277,  282,  283,  284,  297 

Drift  pin 386,  452, 462 

Drifting 484 

Duchemin's  formula 5 

Dumping  devices 363 

Dun's  drainage  table 251 

Dry  masonry 271 

Earth,  Weight  of 69.  237 

Eave  strut 9>  23,  49.  5" 

E^ve  strut,  Shop  cost  of 433 

Eccentricity 222 

Eccentric  loads 142,534 

Eccentric  riveted  o 


ed  connecoona. .  ^. . 


Economic  (Wgn 135,  174 

Edges,  Planed 66,  145 

Edge  distance*  of  riveU 60, 143,  aio 

Edge  plates 415,430,421,433 

Efficiency  of  tAckle 447,  451 

Elasticity 527 

Elastic  limit 496,  528 

Electric  railway  bridges .115,  139 

Electric  light  pole 136 

Elevators  for  grain  bins 334 

Elevated  tanks 365,  379 

Ellipse  of  stresi 531 

Elongation  of  steel 62,  63,  496 

Elongation  of  wrought  iron 491,  492,  496 

Engine  service 483 

Engineering  materiah 487 

End  bracing 212 

End  connectiona  for  I-beams 595 

End  coimectioiiB  for  top  chord 593 

End-post,  Bending  in 222 

Desi^  of 587 

Details  of 10,  396 

End  shears 163,  164,  165 

Equivalent  untform  loads 151,  159 

EtEction  diagram 389,  395 

plan  for  mill  buildings. 408 

plan ; 400 

Erection  of  armory 479 

bridges 147.  437,  438,  441.  483 

corrugated  steel 439 

head  frames 363 

plate  girders 441 

stand-pipes 386 

steel 67,  100,  411,  441 

steel  frame  buildii^ 436 

tubular  piers 437 

Erection,  Specifications  for 483 

Instructions  for 479 

Inspection  of  bridge 485 

Erection  tools 443,  448  to  467 

Estimates 348,  425 

Examples  of  abutments,  250,  353,  353,  354, 
255.  256 

bins 317 

coal  tipples 352 

head  frames 346 

ETain  elevators 328 

nighway  bridges,  137,  128,  129,  130,  131 

office  buildings 101 

plate  girders 184,  189,  190 

railway  bridges,  1S5,  191,  192,   193,  194, 
10,  197,  198,  199 

retaining  walls 237 

steel  mill  buildings,  48, 49, 50,  51,  52, 53, 54 
Expansion,  104,  133,  144,  206,  211,  212,  423, 
„      ■134 

Expansion  joints 243,  268,  382 

Expansion  rollers 579 

Experiments  oq  grain  pressure 325 

Extrados 268 

Eye-bars,  62,  66,  144,  145,  207,  213,  216,  217, 
222,  571,  573 

Eye-bars,  Shop  cost  of .  . ,  ■  ■ 434 

StresBes  in 586 


Eye-bars,  Tests 147,  318,  505 

Weight  of 573 

Eye-bar  hook 457 

Fabrication  of  steel,  Inspection siS 

Face 368 

Facing 268 

Factor  of  safety 527 

Factory  ribbed  glass 8,  41 

Fall  line  ball 448 

Fall  lines 468,  469,  470,  471 

Falsework 473,  476,  483 

Cost  of  erection  of 437 

Falsework  piles 281 

Falsework  plans 389 

Falsework  bolts 458 

Fastening  angles 141,  307 

Fence 134,  135,  136 

Fence,  Shop  cost  of 434. 

Felloe  guard 134,  135,  136 

Felt  andaspbalt 4 

Field  bolts 58, 143 

Field  connections 66,  67,  145,  31&,  484 

I»int 516 

rivets 58,66,  146,  317,400,467 

rivets,  Number  o( 437,  438 

riveting 106 

Filler  plates 65,  144,  145,  3ii,  31& 

Filler  rif^s 143 

Final  set 268 

Fink  trusses 9,  10 

Firebox  steel 431 

Fireproofing 69  • 

Fireproof  construction 69 

Fish  plate 377 

Fixed  beam 540 

bearings 144 

sash 4I1  43 

Flange  plates 60,  143 

rivets 143,  3IO,  221 

■Pl'^s 220,  584 

steel 431 

Flashing,  Stack 29 

Flashing 52,  59t  427 

Flemish  bond 267 

Flexure 539 

in  beams 533 

Flexure,  Members  in 579 

Flexure  and  direct  stress 534 

Floora 33.  34,  329,  439 

Cost  of 439 

Highway  bridge 135,  126,  132 

Live  loads  for 71,    73 

Plank 13I 

for  railway  bridges 176,  194,  204,  208 

Shop.  ." S 

Specifications  for 32 

Timber 35 

Waterproofing  bridge,   133,   178,   179,    180, 
i8i,  i8a 

Floor  panels 99 

Floor  plans 81,  85,  99,  402,  403  | 

Flooring,  steel  plate ^ 34  | 


Floorbeam  connection Jtoo 

Floorbeam  reactions 

Flo(Hljeam,  DeBign  erf 

Floorbeams 82,  105,  3I3,  316,  333 

Floorbeama  for  highway  bridge 138 

Floorbeams  for  railway  bridges  . .  183,  184,  1S5 

Floorbeama,  Shop  coM  of 434 

Weight  of Ill 

Flush 368 

Footing 368 

Footwallcs 137 

Forces 527 

Forked  ends 31 1 

ForniB 337,  341,  343,  '68,  274 

Foundations,  53,  54,  56,  75,  95,  100,  104,  368, 


334.  37a.  386 
Foundations,  Pre 


idations.  Pressure  on,  333,  334,  336,  347, 

348,  349,  350 

Foundation  plan 389 

Frame  trestle 37;,  288 

Framework  of  steel  frame  buildings,  9,  49,  53 

Framework  of  office  buildings 85 

Freezing  weather,  Placing  concrete  in,  240,  243, 

FreiBht 433 

Freight  rates 438 

Friction,  Coefficient  of 236 

Friction  on  bin  walls 312 

Friction  of  wheat 321 

Frost-proofing 373,  381 

Fuller 462 

Fuller's  rule 240 

Gallows  frame 472 

Gantry  traveler 472,  474,  475 

Garners 337 

Gaspipe,  Cost  of 440 

Gates,  Bm 36* 

Gin  pole 468,  470.  480 

Girders,  Beam 404,  407,  408 

Circular 367 

Crane 54 

Plate 57.58 

Riveted 400,  403 

Girder  hook .457,481 

Girts 3,  9.  14,  50,  56,  62,  377,  297 

Spacing  of 59 

Weight  of 4 

Glass 8,36,37,38,60 

Glass  roof  tile 31 

Glass,  Weight  of 69 

Glazing 41 

Grain  efcvator 319,  337.  433.  434 

Grain  bins 319,  325 

Grain  shovel 337 

Goose  neck 471,  480 

Gordon's  formula '.....     80 

Graphic  moments 561 

Graphic  resolution 552.  558,  559 

Graphite  paint 67 

Grillage 94 

Grout 368 

Guard  rail 177,377,381,  284,  287,  397 

Guard  timbers 139,  277,  281 


GusMt  plate 219 

163,  164,  165      Gutters 23,  26,  59,  +33,  427 

Guy  derrick 46S,  469,  473 

Hacked  bolt 95 

Handle  gouge 453t  4^2 

Hammer 279 

Hand  holes 222 

Hand  gouge 452 

Handrailing 137    , 

Head  frames 339,  346.  436    , 

Head  sheaves 363    I 

Head  works  tor  mines 339 

Heart  wood 278 

Heating  shop  buildings 8 

Highway  bridges 107 

Highway  bridge  abutments 256 

Highway  bridges.  Allowable  stresses  in,  117, 141 

Classes  of 137 

Combination 295 

Examples  of 137,  138,  139,  130,  131 

Erection  of 147     . 

Shop  cost  of 435 

Field  rivets  in 437 

Floors  for 135,  126,  132.  138 

Floorbeams  for 138 

Headroom  for 137 

Impact  for 117,  141 

Joists  and  stringers  for 138 

Loads  for I  to,  1 16 

Painting 146,  147 

Piers  for 261 

Plate  girder 121,  123,  134 

Railing  for 137 

Sidewalks  for 113,  137 

Rollers  for 133,  135 

Spacing  of  trusses  for 137 

Specifications  for 137 

Stresses  in 117,  118,  119,  120,  121,557 

Timber 292 

Types  of 107,  II5,  137 

Weight  of no,  115 

Header 368,  270 

Hoist -443        : 

Hoisting 339       l 

Hoisting  blocks 446,  447,  448,  449, 450       L 

Hoisting  engine 443,  443 

Hoisting  rope,  .    .  .341.  350.  360,  443,  444,  480      I 

Hooks,  Stresses  in 533        '__ 

Hopper  bins 312,  316,  317,  318       I 

Hot  twisted  bars 509       ^ 

Howe  truss to,  loc),  286,  287, 290,  291 

Howe  truss.  Cost  of  metal  in 436 

Hub  guard 134,  135,  136 

Hutton's  formula  for  wind  pressure 5      ij 

Hyperbolic  logarithms 322 


I-Beams 427,  580 

Impact 161,  204,  205,  208.  528,  529 

Impact  on  office  buildii^ 73, 103 

Impact  formulas 161 

Impact  on  highway  bridges 117,  141 

Impact  on  railway  bridges. .  I6I,  204,  205,  3oS 
Impact  on  timber 398 


Impact  testa 163 

Indirect  aplicea 144,  sir 

Initial  set 268 

Initial  strew 62,  207,  381 

Inspection  of  steel  at  mill 215 

bridge  election 485 

bridge  material 217 

steer 67,  105,  146,  517,  518 

Instructions  for  erection  of  structural  steel,  479 

estimating 436 

inspection  of  ateel 517 

Intermediate  sill 277 

IntradoB a68 

Invoices ai8 

Iron,  Corrosion  of 513 

Iron  oxide 514 

Iron  details  for  Howe  tniss,  386,  387,  289,  391 

ack  Etriagers 277,  297 

.^''^■V  ■■,■■-.■■■/ .■■:: «9 

anssen  B  solution  for  stresses  m  bins 319 

:8. 66,268 

^8  in  concrete 273 

8  for  highway  bridges 138 

Ketchum's  modified  saw  tooth  roof,  9, 11,44,48 

Key  wrench 455 

Knee  brace 97 

Knot 278 

Knots  in  manila  rope 444,  445 


1,216,414,598 


Lacing  bars,  61,  65, 14 

Lacing  bars,  Design  of , 

Ladder 373,  374.  376,  377,  378,  381.  ; 

Lagging i 

LaiCance s 

Lampblack ; 

Landins  stage ; 

Laps  of  corrugated  steel 

Lateral  bracing 63,  149, '. 

COTnections 372,  373, ; 

pressure •■ 

Laterals,  Weight  of 1 

Lattice  bars,  see  "Lacing  bars" 

Lead,'  Red.'.'.' .'!!!  ^ '!!!  I !!!!!!!!!!!!!!! ; 

Lead,  Weight  of 

Leg  bridge 1 

Lengths  of  angles 417,  4 

channels 4 

1-Beams 416,  430,  431,  4 

plates 418,  419,  420,  421,  4 

Length  of  columns 79, 

compression  members,  61,  141,  209,  3< 
379 

Lettering  shop  drawings 3 

Lifting  capacity  of  tackle 449,  4 

List  oT  drawings 5 

-'n  tools 463,  464,  465,  466,  4 


Linseed  ml 514 

Live  loads 70,  139 

Live  loads  on  columns 74,  104 

floors 73 

highways  bridges 116 

ofiice-buiklings 7ii  73,  103 

railway  bridges 202,  309,  308 

Live  load  stresses 563 

Loads 55,  70,  73,  361 

Minimum 7,  56,  74,  104 

Snow 4,    72 

Wind 5,    72 

Loads  on  bin  walls 324 

columns 74,  104 

foundations 56,  75,  104,  336,  249 

highway  bridges 110,  116,  139,  140 

masonry 56 

ofKce  buildings 70,  103 

piles 57.  477 

railway  bridges 151,  309 

stand-pipes 382,  387 

rimber  floors 35 

Lock 268 

Locks 370 

Logarithms,  Hyperbolic 323 

Locomotives,  Heaviest 154 

Locomotives,  Weight  of 154,  305 

Long  rivets 143,  211 

Longitudinal  braces 396 

forces 141 

strut 277 

X-brace 277 

Loop  bars 571,  572 

Louvres,  3,   13,  34,  43,  44,  53,  59,  433,  437 

Machinery  loads 362 

Manhole 378 

Malleable  castings 487,  488 

Manila  rope 440,  443,  480 

Manganese 488.  494 

Manganese  Bronze 520 

Manufacture  of  cast-iron 488 

steel 493 

wrought-iron 489 

Markii^  diagram 395 

Maul 452,  462 

Masonry 56,  520 

abutments,  245,  246,  250,  252,  253,  254.  255, 
256 

Classification  of 366 

Dresang  of  366,  267 

piers 26t 

plan .- 389 

Pressure  on,  56,  75,  104,  141,  209,  336,  542 

retaining  walls 234,  238 

Specifications  for 369 

Weight  of 96 

Mart 468,469,  471 

Mastic,  Asphalt 181,  182 

Material,  Classification  of 426 

Conventional  signs  for 399 

Engineering 487 

Estmiating. 426 


Material,  Ordering 415,  416,  ^ 

Weight  of 69,  a 

Majcimum  bending  raoments  in  beam,  itio,  ■ 
Maximum  bending  momenta  in  bridges,  n 

164,  165 
Maxunum  length  of  member,  61, 141, 309, 31 
379 

diameter  of  rivet i 

Btresae* 160,  ; 

Merchandise,  Weight  of 

Metal,  Minimum  thickneu  of 143,  i 

Mill  building  columna. 15,  19,  30, 

MiU  buildings,  Coat  of  details  of 4 

Cost  of 4 

Design  drawings  for 4 

Erection  plana  for 4 

Erection  <A. . 


Eatin- 


gs for,  . 


Walls  for.  . 

Milt  extras,  Cost  of 430,  431 

Mill  inspection  of  steel 146 

Mill  orifcrs 67 

Milling  plates 433 

Minimum  angles 8,  60,  143,  306,  311,  223 

loads S6,  74,  104 

thickness  of  comigated  steel 8 

thickness  of  metal,  8,  105,  143,  310, 363, 380, 
383,  387 


,.    60 
■8,436 


Mine  buildings 

Misfits 

Mixii^  concrete 340,  34a,  374 

Modulua  of  elasticity 526 

Moments  in  continuous  beams 544 

Moments  of  forces 527 

Momenta  in  railway  bridges,   163,   164,   165, 


Moment  splices. 

Moment  table 167 

Monitor  ventilator 3>  4i>  43>  59 

Mortar 368,  369 

Muntin 38,  39,  40,  41,  43,  43 


Nails,  Cost  of 

Naperian  Icvarithms. . 
Natural  b 
Natural  ct 


.  .60,  61,  141,  206,  3IO,  330 

Neutral  axis 529 

Neutral  suriace 539 

Newel  posts 135,  136 

Nickel 519 

Nickel  Eteel 149, 153,  173.  495.  49^,  SO* 

Nigg^  head 443 

Nuts,  Pilot 66 

Obloi^  steel  pier 363,  365 

Office  building 69,  402 

Calculation  of  stresses  in 76 

Columna  for,  98,  102,  104,  403,  403,  404, 

40s,  406 
Cost  of 433,  436 


Office  buildings.  Erection  6i 105,  441 

Estimates  for 426 

Floorbeams  for 99,  105, 403 

Floor  plana  of m,  402,  4(13 

Fountuitions  for 100 

Loads  on, , , , ,  ,70,  72,  103 

Spandrel  sections  for loo 

SpectficatMMM  for loj 

(HI  pamt 513 

Oil  tanks 386 

OW  man 456,  460 

Open-hearth  steel,  63,  487,  494,  497,  499,  502, 
505.  507 

Ordering,  material 415,416,  41; 

Ore  bins 318 

pockets 313 

Weu^tof ■. 311 

Out  ofwind 278 

Overrun  of  angles 221,333,411 

Packing  block 277  ■ 

P'l" 584 

spool 377 

Paint 307,  440,  513,  515 

Faint,  Amount  of 440,  515 

Coat  of 435 

Proportions  of 515 

Painting,  31,  67,  146,  147,  217,  339,  363,  386, 
^      387,  430.  484.  5>5 

Pamting,  Cost  of 438 

Panel 3 

Paneis,  Floor 99 

Panel.  Length  of 135,  '75 

Parapet 268 

Paving 268,428 

Pedestals,   133.   144,  184,   186,   187,  188,   1S9, 
100,  191,  193.  194,  197.  423.  424 

Petit  bridge  triiss 109,558,563,564,568 

Phosphorus 63,  488,  49t 

Phosphor  bronze 520 

Piers,  Bridge 345,  248,  268 

Pie  iron 487 

Rfes 57.  279.  296.  476 

Klea,  Bearing  power  of 75 

Specifications  for 281 

Pile  driver ,. .  .379,  477 

foundations 94 

trestles 377,  381,  284 

Pipe,  Deagn  of 533,  534. 575 

Riot  nuts 66,146,317,467,484 

Pilot  points 146,  217,  467,  484 

Pins,  58,61,63,66,  143,  146,310,211,317,219 

Pina,  Cost  of 434 

Design  of 584 

Pin  holes 66,  146.217 

packing 21? 

plates 61,  143,  211 

Pin-connected  trusses,  I3I,  129, 130,  131,  191. 
197,  402,  435 

Pm  maul 45^ 

Pitch 3.268 

Pitch  of  roof 14,  30, 55   , 

Pitch  of  rivets 60,  I43,  143,510 

Rtch  pockets ^ 17S 


Pftchstmln a?* 

Pitched 268 

Pivoted  wiadows 40 

Rvoted  mh 36.  37i    41 

Placing  concrete 340, 143,  374 

Plani 55 

Plans,  Shop 67,  147,318 

Plans  of  itnictures 81.  85,  389 

Planing 65 

Planing  edges 66 

Planifw  metal 400 

Plan,  Floor 85 

Plank,  Fbor 126.  13B 

Ptastared  ceiUng,  Weight  of 4-69 

Plaster  waita 53 

Plates 416,  419,  420,  431,  413,  436 

Batten 61,443 

Base 62,  144,  146,  586 

Buckle 315 

FUt 313 

Floor 194 

Fillers 65.311 

Minimmn  thkkaesi  of 3S0,  363 

Pin 61,  143,  311 

Sheared 415,  419,  430.  433 

Splice 65.  '45 


T^e. 


..61,3 


Universal  mill 415,  430,  431,433 

Wall 105,  144,  213 

Web 65,  142 

Plate  girders,  54,  57,  58,  no,  143,  149,  306, 
210,  312.433,435.534,58^ 

Cost  of 453,  435 

Design  of 330,  534,  581 

Erection  trf 441 

Examples 184 

Field  riveu  in 438 

Plate  ^ider  highway  bridges,  11$,  121,123,  'M 

railway  bridges 173,  174,  175.  203,400 

weight  of 150,151,  152,153.  155.  "58 

Pleisner  s  expenments 321 

Pointing 368,  269 

Poisson  8  ratio 528 

Pole,  Electric  light 136 

Pony  trusses 313 

Portals 97,  149,  193,  198,  312 

Portals,  Stresses  in 563,  569 

Portland  cement 367,  523,  523 

Amount  of 240 

paint 516 

Specifications  for 531 

Posts 377,  296 

Cost  of 434 

N«wel 135,  136 

Pratt  truss. ...  10,  107,  106,  109, 13I,  133,  565 

Pressure  on  bin  waits 302 

Pressure  on  foundations 75 

Pressure  of  grain 335 

Pressure  on  masonry 56,  75,  104 

Pressure  on  retaining  walls 235 

Product  of  inertia 535 

Proportions  of  concrete 240,  273 

Punching 3i6,  430 


Purchase  ting 457 

Purlin,  3.  4,  9,  36,  27,  49,  so,  53,  54,  55.  s^ 

PusJi  car 459 

Quicksand 249 

Radius  of  gyration 548,  549,  550,  551 

Rafter 3,  iS,  50 

Bail  jack 459 

Rails,  Cost  of 440 

Rails,  Fastenings  for 204,  20S 

Rail  steel  reinforcement 509 

Railway  bridges.  Allowable  stresses  in,  J73,  309 

Clearances  of 300 

Den^n  of 174,219 

Details  of 175,  176 

Examples  of 184,  185 

Field  rivets  in 438 

FbMrs  for 176 

Impact  on 161, 163 

Loads  on 303,  308 

Painting 317 

Rers  for 355,  357,  358,  259,  260,  265 

Kles 381 

Shop  cost 435 

Specifications  for 188,  208,  483 

Steel  trestle 149 

Types  of 301 

Weight  of 150  to  158 

Rankine  s  thewy 225   226 

Ratchet 460 

Rate  of  hoisting 350,  360 

Reaming 65,  66,  145,  363,  435,  4S4 

Ream  wrench 454. 

Red  heart 379- 

Red  lead-paint,  67,  307, 438,  439,  514.  515,  516. 

Reinforced  concrete 531,  536,  546 

Reinforced  concrete  floor,  34,  132,  179,  180,  366 

retaining  walls 339 

Specifications  for 272 

Stresses  in 531 

walls 53 

Resilience 528,  535 

Resisting  moment 530 

Resisting  shear ^29 

Retaining  walls 335,  268 

Reversal  of  stress 363 

Rid^roil 34,  53,  S9>  427 

Rigid  bracing 55,  137,213,  361 

Rigid  members 207,  313,  333 

RiBging 447.  449.  450 

Ring 279 

Ring  dolly 455 

shake 279 

stones 268 

Riprap 268 

Rivet  buster 453,  4^,  463 

clamp 456 

clearance 412,  413 

hammer 453,  456,  462 

heads 427 

holes -  -  65,  145 

"« riui-itiOtlglc  ■•■'»' 


Rivet  pitching  taage 456 

snaps 453,  456,  463,  467 

spacii^ 60,  143,  319,  410,  433 

steel 62,  383,  496,  505 

stickins  toi^ 456 

Rivets 58,  65,  145,  210,  319,  379 

Clinch *3'  ^4 

Conventional  signs  for 398 

Diameter  of 60 

Field 55,  66.  141,  146,  217,  363,  400 

Flange -142 

Maximum  diameter  of 60,  143 

Pitch  of 60,  T42,  143 

Size  of 144,  215 

Riveting 145,  216,  467 

Cost  of 436,  437.  438 

binB.. ._ 33*.  333 

stand  pipes 387 

tanks  . .      . .      373,  375 

Riveted  badges,  Examples  of.  119,  I30,  127, 
128,  151,  194,  401 

Riveted  bndges,  Field  rivets  in 437.438 

Riveted  connections 219,  595 

joints 370,  378,  380,  532,  597 

Eirdera 403 

tension  members 143 

Road  rollers 117,  139 

Rods 61,63,416 

Rods,  Anchor 94,    95 

Minimum  size  of 143 

Rollers,  55,  57,  63,  66,  133,  134,  141,  144,  146, 
184,  186,  188,  189,  191,  193,  194,  197,  206, 
209,212,217,434,534.579 

Rolling  loads 542 

Roof  covering,   4,   7,    15,    18,   26,   56,   71,   74 

Roof,  Pitch,  see  pitch  of  roof 

Roof  trusses,  7,  il,  15,  16,  17,  18,  46,  49,  53, 
,54.  55.  105.  354.  359.  433.  44' 

Roof  trusses,  Erection  of 441 

Spacing  of I4,  62 

Stresses  in 7.  55* 

Tvpes  of 9.  10 

Weight  of 3,55 

Roof  for  steel  bin 335,  336,  337 

steel  tank 372,  375.  382 

steel  atand-pipe 382  ' 

Roofing 33,  28,  29,  51,  423,  428,  439 

Corrugated  steel 28,  29,    51 

Cost  o( 439 

Slate 29 

Tar  and  gravel 39,    32 

Tile. 


Tin.. 


„  -  - 31 

Rooster 469 

Rope,  Cost  of 440 

Rope,  Hoisting 341,  443,  444 


Rot.. 


■  279 


Rubbed 

Rubble 268 

Rubble  concrete 266,  274 

Rubble  stone  371 

Rules  for  shop  drawings 391 

Rupture  strength 528 

Rust 513 


Safe  bearing  of  soils 56,  75,  336,  949.  386 

Safe  loads  on  corrugated  steel 23 

floors 35 

IMte» 57.75.477 

slabs 547 

Safety  hooks 346,  362 

S^rod 54 

Sand,  Amount  in  concrete 240 

Sand  bin 300,  301,  302,  305 

Sand  blast 515 

Sand,  Friction  of 312 

Sand,  Weight  of 69,  237 

Sandstone,  Weight  of 337 

Sandwich  door 44,    60 

Sapwood 378 

Sash 36,  43.  60 

Sash  brace 277 

Saw  tooth  roof 8,  9,  1 1,  46 

Section  modulus 530 

Segmental  rollers 134 

Segmental  bottom 366 

Separators 83,  277,397,430,580 

Set,  Rivet 452,  456,  462.  467 

Schneider,  C.  C 70,  72,  599 

Scale  hoppers _ 337 

Screens 362 

Screw  bolt 95 

pile 279 

thread 66.  146.  21 7 

Shackle 447. 457 

Shackle  bar. 453 

Shaft,  TordoD  in 533 

Shake 279 

Shakfng  screen 352.355.35*.  358 

Shallow  bins 299 

Shear ".  ..57.  526,  529,  531,  542,  547 

Shear  in  beams 536  to  545 

Shear  in  bridges I64  to  17O 

Shear  in  concrete 521 

Shear,  Elastic  deformation  due  to 532 

Shear  in  lacing  bars 598 

Shear  in  jilatc  girder 173,  174 

Shear  in  rivets 370 

Shear,  Corrugated  steel 456,  460 

Shear  legs 468 

Sheared  plates 419,  42a,  422 

Sheathing 3.4.30-32.53.54.56 

Sheaves 346.  348.  350.  360.  363.  443.  444 

Sheet  pile 279 

Shipping  invoice 67,  2 18 

Shim 277 

Shoes 133, 184, 186, 187, 18S,  379, 433,  434 

Shop  bills 399 

Shop  coat  of  paint 516 

Shop  cost  of  bins 433,  434 

bridges 434.435 

columns 433 

combination  bridges 435 

culverts 435 

eave  struts 433 

floorbeams 434 

eye-bars 434 

Eain  bins 433.  43* 
owe  truss  metal.,.-. , 436 


Shop  cost  (^  office  buildup 433 

plate  girders 433,  435 

pins 434 

posts 434 

roof  trasses 433 

ftand-pipes 433,  434 

steel  mill  buildings 433 

steel  head  frame 347 

structural  steel 439 

tanks 433.434 

Wwers--. «4 

tubular  piers 435 

Shops,  Design  of 7 

Shop  details 55,  396,  397 

Shop  doors 43 

Shop  drawings. .  ■  .138,  389,  400,  401,  402,  403 

Shop  drawings,  Cost  of.  439 

Shop  drawings,  Rules  for 391,  398 

Shop  floors 8,  33,  33,  34,  54'  &?.  «47 

Shop  plans 195,  196,318 

Shop  rivets,  see  "Rivets" 

Shutters 59 

Sidewalks 113, 115,  375 

Signal  bridges 157 

Silicon 468,  494 

Sill 377,  396 

Skeleton  construction 69 

Skew  bridge 108 

Skips 346,348,363 

Skylight 4,8,  11,38,54,60,428,440 

Slabs,  Safe  loads  on 547 

Slate,  Weight  of 4,  30,  69 

Slate  roofing 28,  39,  30,  53,  54,  56 

Slate  roofing,  Cost  of 440 

Sleeve  nut 573 

Sliding  door 43,  46,  48,  60 

Sliding  saah 36,  37 

Slope  wall 368 

Snap,  Rivet 452,  456,  4J62,  467 

Snatch  block.  .■ 447,  448 

Spacing  columns 98 

Birts 59 

plate  girders 179 

purlins 55,  59,  63 

trusses 55,  62,  202,  203,  308 

Spall 268 

Spandrel  sections 96,  100,  368 

Span,  Length  of SS 

Snow  loads 4,  56,  72,  553,  556 

Snow,  Weight  of 4,  69 

Soffit 368 

Specifications  for  cast  iron,  315,  397,  384,  488 

coal  tipples 361 

concrete  floor 32 

erection 483 

minting 67,  317 

Portland  cement 523 

retaining  walls 341 

shop  floors 33 

stone 369 

«eel 63,  105,313,273,363,383 


steel  CL_..__„_ 

head  frames,  .  .  .  . 
highway  bridges,  . 


Specifications  for  steel,  mill  buildings 55 

office  buildings lox 

railway  bridges 188,  ao8 

reinforcement 373,  507,  50^ 

stand-pipes 379,  386 

tanks 379,  386 

tar  and  gravel  roof 32 

timber  Imdges 392 

timber  piles 281 

tubular  piers 357 

wTOught-iron 315,  397,  491  • 

.397 


..61,90,91,211,363,584, 


Splices 

Splices.  Indirect.  . 

Splices  in  plate  girder 220,  583,  596 

Splice  plates •I4S<  216 

Split  bolt 95 

Spool 442,  443 

Spouts 335 

Spud     ■■ 454- 

Stack  collars 427 

Stack  flashily 39 

Stand-pipes 365 

Allowable  stresses  in 382 

Design  of 381 

Erection  of 44* 

Painting 387 

Shop  cost  of 433,  434. 

Standard  angle  connections 595 

Stark-weather 349 

Starred  angles 57S 

Steamboat  jack 460 

Steamboat  ratchet 460 

Steel  bins 299,  300,  359 

casting..    .    .63,  66,  146.  213,  217,  487,  510 

coal  tipples 361 

column  Dases , 94. 

columns 104. 

Corrodon  of 513 

cylinder  piers ,  362 

details 571 

door 44,  46,  47,  60 

67.3*8,339,441 
■  A^S 


ad  frames 339,  348,  353,  355,  359,  36I 

highway  bridges 107,  1 10,  115 

Inspection  of 67,  146,  518 

joist 138 

Steel  mill  buildings.  Allowable  stresses  in,  8,  57 

Cost  of 433,  436 

Dedgn  of .  , ....      7 

Erection  plan  of 406, 441 

Estimates  for 425 

Examples 49.53.54 

Steel,  Minimum  thickness  of 210 

Steel  offii»  buildings 69,  70,81,  103 

Erection 105 

Specifications  for 103 


^t  of. 


70 


Steel  plate  flooring -    34 

Steel  railway  bridges I4<» 

Specifications  for 309 

Weight  of ,.-1 f. 15* 


Steel  reinforcement 37a,  507,  509 

Specifications  for,  63,  105,  313,  273,  363, 
383 

Steel  stand-|Mpe 365,  387 

Steel,  Strength  of 6a 

Steel  Unk 365,  380,  381 

trestle 150,  158 

tubular  piers 355,  363,  363,  364,  365,  478 

StiJTeners,  58,  61,  65,  143,  145,  3C7,  313,  3i6, 

231,  ^3 

Stiifenere  in  bina 337,  333 

Stile 38  to  43 

Stirrups 547 

Stringers,  138,  177,  199,  212,  2t6,  222,  277, 
283.  284,  297.  434 

Stone,  Amount  01 340 

Stone  bins 313 

Stone  masonry 369 

Straight 378 

Strain  527 

Strength  of  cast-iron 65,  488 

cnains 451 

concrete 520 

masonry 337 

PortlaiMl  cement 523 

■teel 62,  494,  508,  509 

steel  caitii^ 496,  511 

timber 298 

wire  rope 341,  443,  444 

wrought  iron 65,  491,  49a,  496 

Stresa 527 

Stress  diagram 173,  174,  389,  422 

Stress  due  to  weight 57,  143,  323 

Stresses 531 

Alternate 57 

Allowable,  8,  62,  80,  105,  117,  305,  309,  36a, 
379.  382,  387 

Diagram  for 173,  174,  422 

Impact 161,  205,  208 

Maximum 160 

Stresses  in  beams 529,  536  to  545 

bins 399 

bridge  trusses 558,  55910  569 

circular  girder 367 

columns 368 

deep  bins 319 

elevated  tanks 366 

end-post 333 

eye-bar 586 

flat  plates 313.  535 

framed  structures 552 

pain  bins 319 

Soc*s 533 

lacing  bars 598 

masonry 5^.  75 

office  buildings 76,  79 

pins 584 

pipes 534 

portal 563,  569 

riveted  joint 366,  370,  533 

rollers 534 

roof  trusses 553 

shallow  bins 307 

Btand-pipcs 365 


Stresses  in,  steel  buikliaga 57 

suspension  bunker 309 

timber  floors 35 

transverse  bent 556 

trestle  bent 563.  569 

wire  rope 344 

Stretcher 368.  270 

Stitf-leg  derrick 46S,  469,  470,  471,  478 

Strut 593 

Strut,  Single  an^ 575,  576 

Structural  drawing 3K9 

Structural  mechanics 525 

Structural  steel,  Cost  of 428 

Erection  of 441 

Estimates  of 425 

SpecificMiona  for,  63,  105,  313,  497,  499, 
5<M.  505 

Structural  timber.  Defects  of 277 

Structural  timber.  Definitions  of 378 

Stub  abutment 245,  246 

Sub-purlin 3. 18,  31 

Sub-sill 277 

Sulphur. .  .62,  213,  4S8,  494,  497,  499,  503,  505 

Summer  wood 278 

Suspension  bunker 309,  316 

Sway  bracing 149,  223,  277,  396 

Swing  door 43 

Swedge  bolt 95 

T  Abutment 245,  246 

Tackle 449.  450 

Talbot,  A.  N.,  Formula  for  waterway  by,  250 

Tank  detaib. 373,  374,  375.  377 

Erection  of 441 

Paintii^; 3S7 

Shop  cost  of 433,  434 

Taper  plates 431,  432 

Tar  and  gravel  roofing,  4,  29,  32,  60,  74,  440 

Tar  paint 178.  I80,  576 

Tees 417,  41S 

Templet  shop 390 

Tension 531 

Test  of  cast-iron 489 

Tests,  Impact 162 

Tests  of  steel,  63,  63,  67,  105,  314,  373,  3S4, 
386,  497.  500,  503,  504,  507.  509 

Tests  of  wrought  iron 491,  493 

Theorem  of  three  moments 543 

Thickness  of  walls 75 

Three-hinged  arch 13,    14 

Through  traveler 473,  474.  475 

Tie  plates 61,  143,  211 

Tie  rods 430 

Ties,  117,  138,  177,  179,  180,  199,  202,  204, 
208,  277,  382,  283,  397,  593 

Tikroof 4.  18,  31,  56,  438,440 

Timber 66,  520 

Timber,  Allowable  stresses  in 398 

Timber  ballasted  floor 1 79 

block  floor 33.  >26 

bridges,  277,  285,  2S6,  2S7,  290,  391,  393, 
294.  395 

buKY 459 

columns ,n 1. 298 


Timber,  Defects  in 278 

i'^'^ 43.45.60 

fl""~  ■  8, 33.  34.  35.  136,  176.  177 


hook.'....;, 
Howe  truM. . 
joist 

purlins 


"38 

57 

63 

btresMBm. 35.58.  138.204 

Specificationa  for 14T 

travelers 474,  .75"  .J^ 

Weight  of 69,  304,  208 

Tin  roofing 4.  31.  440 

Tobin  broDse "  .  Jjq 

Tools  for  erection  of  stsel,  67,  105, 

Top  chord 

Torsion  in  shafts. 

'^"'^^^ -^  .137.222.434 


{^zrf- .-468.470,472.478 

1""^  /ing  etane 12 

T-ZtA^  ■  ■  '50,  277,  282,  283,  284,  441.  563.  569 

l^/tle  towers 137 

4."/stles,  Weight  of  steel 158 

-  -  -  453 

■  534 


Trusb,  see  und^r  bridge,  roof,  et 

rTuhular  piers 255,  435,  437 

Turnbuckle 572 

Turned  bolts 65,  145,  216 

Two-hinged  arch '3,  14 

U  abutment 245.  246 

Ultimate  deformatioii 528,  533 

Ultimate  stress 527 

Uniform  toads 151,  159 

Unit  stress 527 

Universil  mill  plates 415,  420,  431,  422. 

Upsets  for  bars 383 

Upset  rods 61 

Ventilators.  .3,   12,  29,   43,  44,   59,   423,  435 

Ventilator,  Monitor 3,  II 

Ventilating  buildings 9 

Viaducts,  Erection  of 441 

Voussoirs 268 


Wall  anchors 

Wall  plates 104,  105,  144, 

WalU.  Details  of 

Mill  building 

Thickness  of. 

Wane 

Warren  truss 108,  109, 

Washers 287, 

Water  jet 

Water,  Weight  of 


105 


Waterprocrfit^,  Cost  of 440 

Wateiproofing  floors,  35,  76,  133, 178, 179, 180, 
181,  182 

Rtaining  walls 343 

Watertight  joints 370 

Waterway  for  bridges 250 

Web  plates.  .    .  .58,  65,  I42,  I45,  216,  330,  432 

spUce 583,  596 

sCiffencrs,  58,  61,  65,  145,  207,  3I'2,  316,  231 

Wedge 387,  4S8 

Welds 66,  146.216,217 

Weight  of  ashes 69 

ballast 179,204,308 

bars 572,  573 

beam  bridge 113 

bracing 4 

building  materials 69 

castiron 69 

coal  tipples 360 

columns 4 

concrete 69,  204,  208,  381 

conductors 26 

comipated  steel 4,  15,  35 

covenng 56 

draw  spans 157 

electric  railway  biidgea 115 

girts 4 

gutters 26 

head  frames 347,348,  350 

highway  bridges 1 10,  115 

hoisting  ei^nes 443 

locomotives 154,  205 

louvres 34 

masonry 237 

materials.  .  . 4,  69,  73,  146,  31 1 

office  buildings 70 

plate  girders,  115,  150,  151,  152,  153,  155. 

purlins 4,  56 

rails  and  fastenings 139,  204,  208 

railway  bridges,   150,  151,  152,  153,   154, 
155.  156.  157.  158 

railway  viaduct 158 

ridge  roll 24 

roof  arches 13 

roof  covering 4 

roof  trusses 3,  55 

roofing 74 

sheathing 56 

slate 4,  30.  5<^ 

skylight  ^lass 4 

Mgnal  bndges 157 

skips 350 

snow 4.69 

steel 69,  317,384 

tiles 31 

tile  roofing 56 

timber 204,  208 

trestle  towers 158 

tin 4 

wrought-iron 69 

Weight,  Stress  due  to 57,  143,  232,  589 

Wheel  guards ,^38.  173.  2<"8.  281 

„z..oyC.OOg1C 


Wheel  loads,  153,  163,  163, 164,  165,  166,  167,      Wooden  doMS 43-45'^ 

168,  169,  170,  171,  17a  floor 8.  34  ■ 

Whipple  tniM 100         trestle *77 

White  lead 514     Work 5*8.  535 

Wind  bracing 97,  98,  100,  101,  102      Winch 44^.  443  | 

loads,  5,  56,  71,  72,  103,  140,  2og,  309,  379     Wrench 453.  455.  4^1 

shake 278  Wrought-iron,  65,  69,  213,  297,  487,  489,  «i,  | 

■tresses,  76,  78,  141,  209,  327,  379,  553,  556,  492 

WidA^  ioghf 4"      X-brace 377 

Wuidows,  8,  36,  37,  38,  60,  96,  329,  422,  427,  I 

Win^t^t 243,246      ^?*lrjST trf 

Win!  wall *     268      VkU  point 5«  ; 

Wire^lasB 8,38,34,60,69  .,,   .,0  «„ 

netting 8,28,29,52,  53,59      Ztx* 4>7.  4i».  SU 

„  rope. 341,  440.  443.  444.  480      Zinc-  ■ 5  ' 

Wood  sash 36,  37      Zmc  paint 5'* 
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